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PREFACE 


This  memorandum  reports  on  work  undertaken  by  the  Office  of 
Air  and  Marine  Systems  of  the  Transportation  Systems  Center  for 
the  U.S.  Coast  Guard  Office  of  Marine  Environment  and  Systems, 
under  Project  Plan  Agreement  CG  915.  The  task  covered  by  this 
report  was  initiated  in  October  1978  and  completed  in  May  1979. 

The  assistance  of  CDR  J.  Valenti,  Lt.  M.  Tobbe,  Lt.  CDR  J. 
Clow,  CDR  W.  Ecker,  and  of  Ensigns  R.  Miller  and  M.  Ives  of  the 
U.S.  Coast  Guard  is  acknowledged  with  appreciation. 
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1. 


INTRODUCTION 


1.1  BACKGROUND 


Itates  Coast  Guard  has  long  been  involved  in  the 


protection  of  the  marine  environment  2gainst  spills  of  oil  ana 
other  injurious  substances . '  The  hater  Quality  Improvement  Act 


(1970)  and  the  Federal  hater  Pollution  Control  Act  Amendments  of 
1 3 ~ 2 ,  however,  gave  the  Coast  Guard  extensive  responsibilities  in 
the  prevention,  enforcement,  surveillance,  response,  abatement, 


impact  assessment  of  oil  spills.  These  responsibilities  fall 


under  the  USCC  Marine  Environment  Protection  (ME?)  program.  The 
need  for  comprehensive  oil  spill  statistics  was  soon  recognioed 
by  the  U.S.  Coast  Guard,  which  established  the  Pollution  Incident 
Reporting  System  (PIRS)  in  December  1971.  Soon  after  the  1972 
legislation,  and  in  compliance  with  it,  the  National  Response 


Center  (XRC)  was  established.  The  XRC  includes  a  Central  Report- 


r  ">  -i 

ing  System  tor  oil  and  hatardous  materials . The  accumulation 


by  PIRS  and  XRC  of  detailed  oil  spill  data  since  1971  opens 
several  poss ibil it i es  for  quantitative  management  techniques. 

(See,  for  example.  Reference  2).  Seme  of  the  uses  of  these  data 
are  (a)  evalution  of  effectiveness  of  proposed  MEP  measures , 

(b)  evaluation  of  effectiveness  of  measures  previously  put  in 
force,  and  (c)  program  and  budget  planning. 

Many  analyses  can  be  accomplished  using  oil  spill  data  alone. 
A  few  methods,  however,  require  rat e  data,  i.e.,  spill  data 


^The  Rivers  and  Harbors  Act  of  1899,  which  prohibits  the  dump¬ 
ing  of  refuse  in  U. S . 'navigable  waters,  is  jointly  administered 
by  the  U.S.  Army  Corps  of  Engineers,  the  Department  of  Justice 
and  the  U.S.  Coast  Guard.  The  term  'refuse'  has  been  inter¬ 
preted  by  the  courts  to  include  oil. 


“'the  Central  Reporting 
Materials  Transportati 

^-'as  an  example  of  this 


System  is  required  by  the  Haca 
on'  Control  Act  of  1970. 

application,  see  Reference  1. 


1 0  U  5 


norm?.  1  i ; ed  to  some  exposure  measure  such  as  petroleum  movement, 


proauction,  use,  cr  storage. 


uses  to 


nation  has  been  put  are  spill  prediction  or  projection, 
comparative  risk  studies. 


Spill  projection  methods  were  developed  extensively  in  the 
early  1970 's  by  Devannev  and  Stewart  (References  3,4  and  5)  in 
order  to  provide  an  assessment  of  offshore  oil  development  risks. 
They  derived  the  posterior  distribution  of  the  number  of  spills 
that  would  occur  for  an  expected  future  exposure,  given  histori¬ 
cal  spills  and  exposure.  In  practice,  this  distribution  (the 
negative  binomial)  is  very  close  to  a  Poisson  distribution  using 
the  historical  spill  rate  as  a  parameter.  Needless  to  mention, 
spill  projection  methods  derive  their  usefulness  from  the 
knowledge  (or  estimates)  of  anticipated  change  in  the  underlying 
exposure  variable.  Thus,  the  impact  on  oil  spills  of  increased 
oil  imports  may  be  estimated  by  these  methods. 

In  comparative  risk  studies  the  emphasis  is  on  the  dif¬ 
ferences  of  spill  rates,  such  as  occur  from  one  transport  method 
to  another,  cr  from  one  geographic  area  to  another.  To  make  the 
comparison  meaningful,  the  same  or  equivalent  exposure  variables 
must  be  used  in  both  cases.  This  technique  has  been  conspicuous 
in  the  tanker/pipeline  controversy  (Reference  6),  in  the  U.S./ 
foreign  flag  tanker  question  (Reference  ")  and  in  offshore/ 
onshore  production  risk  comparisons.  A  recent  study  has  shown 
(Reference  S)  differences  in  rates  of  occurrence  of  spills  ever 
59,000  gallons  from  or.e  part  of  the  U.S.  coastal  area  to  another. 
Such  differences,  if  they  exist,  may  provide  insight  into  different 
MEP  measures,  shipping  practices,  geography,  navigational  aids 
cr  other  characteristics  that  vary  from  one  coastal  area  to 
another.  It  is  the  investigation  of  these  regional  spill  rate 
differences  that  motivates  the  present  report. 


1.2  OBJECTIVE 

The  present  study  deals  with  spill  rates  in  the  New  York, 
Delaware  Bay,  Louisiana  and  North  Texa.s  regions  of  the  U.S. 


coast,  as  employed  ir.  Reference  S.  The  purpose  is  to  determine 
'••'hat  differences,  if  any,  exist  in  the  spill  rates  for  the  four 
regions  when  a  larger  set  of  spills  (i.e.,  spills  over  10,000 
gallons)  is  considered,  and  to  analyte  the  possible  causes  of 
such  differences. 

Spill  rates  were  obtained  for  the  four  regions  in  Reference 
S  by  dividing  the  number  of  spills  in  the  region  in  1974-77,  as 
contained  in  the  Major  Oil  Spill  Information  System  (MCSIS)  file 
by  an  estimate  of  the  total  tonnage  of  waterborne  oil  movement  i 
the  same  region  and  time  period.  The  MCSIS  file  is  a  composite 
of  spills  ever  50,000  gallons  extracted  from  the  U.S.  Coast  Guar 
Pollution  Incident  Reporting  System  (?IRS)  and  the  National 
Response  Center  (XRC)  files.  The  oil  movement  in  the  regions  wa 
estimated  from  Army  Corps  of  Engineers  (ACOE)  data  (Reference  9) 
on  Waterborne  Commerce  of  the  United  States. 

The  least  square  fits  to  the  regional  spill  and  throughput 
data,  as  given  in  Reference  S,  Section  5. 3. 1.2,  are  as  follows: 


.r.  the  regions  wa 


Greater  New  York: 
Delaware  Say: 
Louisiana  Coast 
North  Texas  Coast: 


n  =  -0.171  *  0.0212  Y 
n  =  0  .  Qb27  V 
n  =  0.S52  -  0.06S2  Y 
n  =  0.S1S  +  0.0193  V, 


where  n  is  the  number  of  spills  and  Y  is  the  oil  throughput 
volume  in  millions  of  short  tons.  These  estimates  are  affected 
not  only  by  the  restriction  on  spill  sice  (only  spills  over 
50,000  gallons)  but  also  by  the  geographic  limits  taken  to  defir. 
the  regions,  and  by  the  selection  of  type  of  spill  (vessel, 
transfer,  pipeline,  onshore,  etc.)  and  by  the  type  of  oil  move¬ 
ment  considered. 

The  first  step  taken  in  this  report  will  be  to  refine  the 
definitions  of  the  four  regions.  The  next,  and  most  important, 
step  will  be  to  expand  the  data  base  of  spills  to  encompass  all 
spills  over  10,000  gallons  in  the  four  regions  in  the  calendar 
years  1974-77.  Then,  the  oil  movement  data  will  be  analysed  and 
various  exposure  data  developed.  Prom  the  spill  data  and  the  ex 
pesure  data,  the  corresponding  spill  rates  will  be  calculated. 


Z.  DEFINITION  OF  THE  FOUR  REGIONS 


The  four  regions  v ere  selected  in  Reference  £  because  the 
large  number  of  spills  and  heavy  oil  movement  within  them  offered 
the  best  prospects  for  statistically  significant  results.  In 


this  section  the  four  regions  are  defined  more  precisely.  The 
definitions  take  into  account  three  considerations: 


a. .  The  boundaries  of  the  regions  should  be  clear  enough 

that  any  spill  may  be  classified  unambiguously  as  being 
within  a  region  or  not.  Moreover,  a  clear-cut  boundary 
will  allow  one  to  identify  these  spills  that  are  margin¬ 
ally  in  or  out  of  the  region,  thus  facilitating  a  sensi¬ 
tivity  analysis  of  the  regional  boundaries. 


b.  Regional  boundaries  should  be  chosen,  as  far  as  possible 
to  encompass  entire  waterways,  as  defined  in  the  ACOE 
Waterborne  Commerce  data,  which  is  the  major  source  of 
oil  movement  data  to  be  employed. 


c . 


Boundaries  should  coincide  with  t 
parallels  to  facilitate  computer 
on  latitude  and  longitude. 


he  me 


sort  of  t 


Ct  .  .  w  i.A 


he  PIRS  data 


The  four  regions  are  illustrated  in  Figures  A-l  and  A-2  in 
Appendix  A  ar.d  are  described  as  follows: 


Greater  Mew  York 

Latitude  40°  00’  to  45c  00’ 

Longitude  72°  00'  to  74°  40*. 

The  latitudes  are  chosen  to  cover  both  the  Port  of  hew  York 
and  the  Hudson  River  to  Troy,  N.Y.  The  longitudes  are  chosen  to 
include  most  of  Long  Island  Sound  on  the  east  and  the  northern 
part  of  the  New  Jersey  seacoast  (Sandy  Hock,  Perth  Amboy,  south 
to  Manasquan)  on  the  west. 

The  greatest  oil  movement,  about  131  million  tons/year 
in  this  region,  is  in  the  Port  of  New  York,  which  includes  oil 
movement  on  the  New  Jersev  side  of  the  harbor  as  well.  The 


Hudson  River  from  New  York  to  Trey  is  the  next  largest  sub-area 
of  oil  movement  and  spills.  The  third  ievel  of  activity  occurs 
along  the  northern  shore  of  Long  Island  Sound  (Xew  Haven,  New 
London,  Bridgeport).  It  is  of  some  interest  to  determine  spill 
rates  for  these  sub-areas,  which  are  indicated  by  the  dashed 
lines  in  Figure  A-l. 


Delaware  Bav 


Latitude  38°  30'  to  40°  30' 
Longitude  74°  40'  to  75°  45 


This  region  encompasses  all  of  Delaware  Bay  and  the  Delaware 
River  up  to  Frenchtown,  \'J ,  (about  IS  miles  north  of  Trenton,  XJ)  . 
It  also  encompasses  the  ocean  approaches  to  Delaware  Bay,  from 
the  Cape  May  area  of  New  Jersey  to  approximately  the  Maryland- 
Delaware  border. 


This  region  comprises  both  the  large  open-water  body  of 
Delaware  Bay  and  the  confined  waters  of  the  Delaware  River  from 
Wilmington  DE  to  Trenton  X J .  It  is  not  possible  to  segregate 
the  ACOE  oil  movement  data  into  these  two  sub-regions;  Delaware 
Bay  traffic  is  aggregated  with  that  from  Philadelphia  (south  of 
Allegheny  Avenue)  and  Wilmington  in  the  ACOE  tabulations. 


Louisiana  Coast 


Latitude  2S° 

O 

O 

to 

30° 

50’ 

Longitude  SS 

o 

M 

O 

to 

93° 

40  ’  . 

This  encompasses 

ail 

o  f 

the 

iust  east  of 

Mcbi 

1  e 

and 

Pas  c 

Texas  -  Louis iana  border  on  the  west.  It  includes  Lake  Charles  and 
the  Calcasieu  River  and  Lake,  but  not  Port  Arthur,  Orange, 
Beaumont  or  the  Sabine-Xeches  Waterways.  It  includes  almost  all 
of  the  drilling  platforms  offshore  of  Louisiana  and  Mississippi. 
To  the  north,  it  covers  the  Mississippi  River  up  to  ar.d  including 
Baton  Rouge,  LA. 


The  eastern,  western,  and  northern  boundaries  of  this  region 
were  selected  so  as  to  avoid  cutting  waterways  for  which  data  is 
tabulated  as  a  whole  by  the  ACOE.  On  the  east,  the  Gulf 
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Intracoastal  waterway  is  tabulated  fror  Motile  AL  to  New  Orleans 
LA.  On  the  west,  the  Intraccastal  Waterway  from  Lake  Charles 
to  Sabine  is  tabulated  as  a  whole.  The  northern  boundary, 
unfortunately,  cuts  off  the  northern  end  cf  the  Atchaf alaya  River, 
but  coincides  with  the  New  Orleans  -  Baton  Rouge  section  cf  the 
Mississippi  River,  which  carries  heavy  traffic  and  which  is 
tabulated  separately,  as  will  be  seen. 


N.  Texas  Coast 

Latitude  2Se  00’  to  30°  30’ 

Longitude  93°  50'  to  96°  00’  . 

This  region  is  adjacent  to  the  Louisiana  Coast  Region 
defined  above,  going  from  approximately  the  Texas-Lcuisiana 
border  to  iust  south  of  the  Matagordc  ship  channel,  which  is 
about  40  nautical  miles  southwest  of  Freeport,  TX .  The  major 
oil  movements  in  this  region  take  place  in  the  Sabine-Neches 
Waterway  (Port  Arthur,  Sabine,  Orange,  Beaumont)  and  in  the 
Galveston-Houston-Texas  City  area.  The  western  boundary  selected 
for  this  region  presents  a  slight  problem,  for  it  is  impossible 
to  select  a  meridian  to  the  west  cf  Freeport  TX  and  Houston  TX 
which  does  net  intersect  the  Galveston-Corpus  Christi  section  of 
the  Intracoastal  Waterway.  The  limited  amount  of  traffic  on 
that  waterway,  however,  assures  that  any  inaccuracy  introduced 
is  minor. 


1 


J>.  EXPANSION  OF  THE  S5ILL  DATA  BASE 


.ne  purpose  new 


establish  a 


o.  ua  wA  ct 


ase  of  soil  Is  over 


10,000  gallons  cf  oil  and  oil  products  ir. 


our  geographic 


regions  of  interest  in  the  period  19"4  through  IS--.  Several 
sources  of  spill  data  are  available.  The  primary  sources  employed 
are  the  Pollution  Incident  Reporting  System  (PIRS)  file  and  the 
National  Response  Center  (N'RC)  files.  Supporting  data  were  also 
extracted  from  the  Commercial  Vessel  Casualty  File  (CYC F)  .  Ail 
three  data  sources  are  maintained  by  the  U.S.  Coast  Guard. 

Although  other  data  sources  for  spills  in  U.S.  waters  in  the 
years  1974-77  are  available,*  they  were  not  systematically  con¬ 
sulted  because  it  was  believed  that  the  PIRS  and  XRC  files 
contained  the  vast  majority  of  spills  of  interest.  The  validity 
of  that  assumption  will  be  discussed  later. 

5.1  SELECTION'  CRITERIA 

In  addition  to  the  geographic  and  temporal  limits  stated, 
two  other  selection  criteria  were  employed.  They  are: 

(a)  Spills  of  oil  or  oil  products.  These  are  to  be 

classed  as  crude,  heavy  (including  asphalt,  creosote, 
road  tar,  as  well  as  the  common  residual  oils,  *4,  =3, 
and  #6),  and  light  (including  gasoline,  naphtha  and 
diesel  fuels! 


! 


(b)  Spills 


10,000  gallons  or  mere.  The  quantit; 


t ;  -  1  i  r  o 

(not  the  amount  in  the  water)  is  referred  to  here.  The 
value  of  10,000  gallons  was  expected  to  yield  a  large 
enough  data  base  to  provide  statistically  significant 
results . 


Among  these  sources  or.e  may  mention  (1)  The  Center  for  Short 
Lived  Phenomenon,  Cambridge  MA,  (I)  Lloyd’s  V.’eekly  Casualty 
Reports,  (3)  The  Tanker  Advisory  Center,  New  York,  NY. 


'fcSdftf'r.Vr  1 
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No  constraints  were  applied  to  the  spill  source  in  the  data 
extraction  phase.  Thus  spills  from  both  tranpcrtat ion-related 
and  ncn-transportation-related  sources  were  extracted  initially, 
as  were  both  onshore  and  offshore  sources.  The  extent  to  which 
spills  fron  various  sources  can  be  related  to  different  measures 
of  exposure  was  determined  after  the  data  extraction  phase. 
Neither  were  any  constraints  applied  to  the  spill  cause(sj  or  to 
jurisdiction  (EPA  vs  USCG)  in  the  extraction  phase,  for  the  same 
reason.  Thus  the  intent  was  to  obtain  initially  a  list  of  all 
spills  within  the  designated  limits  of  time,  location  and  materi: 
that  could  later  be  related  to  available  exposure  measures. 


5.2  POLLUTION  INCIDENT  REPORTING  SYSTEM  (PI 

The  Federal  V.'ater  Pollution  Control  Act 
of  1972  requires  (Section  511  (b)  (5))  that: 


S)  DATA 

(FV.'PCA)  Amendment 


"Any  person  in  charge  of  a  vessel  or  of  an  onshore 
facility  or  an  offshore  facility  shall,  as  soon  as 
he  has  knowledge  of  any  discharge  of  oil  or  a 
hazardous  substance  from  such  vessel  or  facility 
in  violation  of  paragraph  (5)  of  this  subsection, 
immediately  notify  the  appropriate  agency  of  the 
United  States  Government  of  such  discharge." 


The  discharges  referred  to  in  paragraph  (5)  are  those  of 
"oil  or  hazardous  substances  into  or  upon  the  navigable  waters  of 
the  United  States,  adjoining  shorelines,  or  into  or  upon  the  wate 


:f  the  zcn: 


Pres ident 


:us  zone  in  harmful  quantities  as  determined  by 
In  Executive  Order  11755.  August  5-  1 0 ‘ 


ly.o,  the 


Coast  Guard  was  designated  as  the  "appropriate  agency"  to  be 
not  if ied . 


The  PIRS  pre-dates  the  above  statute,  having  been  put  into 
operation  in  the  U.S.  Coast  Guard  in  December  1971.*  From  that 
date  it  was  required  of  Coast  Guard  personnel  to  report  all  spill 
that  they  observed  or  that  they  came  to  know  about,  the  same 
requirement  as  was  imposed  in  1972  on  non-Ccast  Guard  personnel 


r. - 

See  page  1  of  Reference  10. 


the  above  Amendment  t 
charged  with  enforcement 
discharges  in  U.S.  navig 
information  on  penalty  a 


c  the  rh'PCA .  Also,  the  Coast 
of  the  19“2  Amendment,  for  a 
able  waters ,  so  that  the  FIRS 
ction  as  well  as  the  spill  it 


l^arc  is 
1  off end i 
includes 
elf.  Thu 


in  theory,  the  FIRS  covers  all  offending  spills 
States  . 


he  on 
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A  facsimile  of  the  PIRS  coding  sheet  for  a  discharge  is 
shewn  in  Figure  3-1  (The  two  other  coding  forms,  one  for  response 
and  one  for  penalty  action,  are  not  shown).  It  should  be  noted 
that  the  water  body  code  refers  to  the  type  of  water  body  (one 
of  7  tyres  allowed  for  inland  and  Great  Lake  spills,  11  types 
for  coastal  spills).  The  name  of  the  water  body  is  not  recorded 
in  PIRS.  Similarly,  vessel  type  and  identification  number  are 
given,  but  the  vessel  name  is  not  given.  Ten  sices  of  tankships 
and  ten  sices  of  barges  are  allowed  for,  plus  seven  other  types 
of  vessels. 


The  PIRS  classification  of  sources  (Reference  10,  pages  26- 
2 S )  served  as  the  basis  for  the  spill  classification  used  in  this 
report.  As  will  be  seen  in  the  next  section,  oil  movement  and 
vessel  trip  data  are  available  (Reference  9)  for  tankships  and 
barges.  Hence  spills  involving  tankers  and  barges  were  segregated 
Spills  involving  dockside  oil  facilities,  such  as  transfer  spills, 
were  also  extracted  separately  from  the  spill  data,  since  they 
are  directly  related  to  waterborne  oil  m  c  v  s  n*  £  n  c  4  i 1 0  i  0  m  s  i  n  i  n  £ 
spills  are  net  directly  related  to  oil  movement  and  were 
classified  as  (1)  those  connected  with  offshore  drilling,  and  (2) 
onshore  facility  spills.  The  complete  classification  list,  with 
corresponding  PIRS  source  code  numbers  from  Reference  10,  is 
given  in  Table  5-1. 

Ivhen  the  PIRS  data  tape  was  examined  for  spills  over  10,000 
gallons  it  was  found  to  contain  many  records  for  which  the  lati¬ 
tude  and  longitude,  or  river  and  mile,  at  which  the  spill  occurred 
were  not  recorded.  These  incidents  all  bear  dates  orior  to 
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DISCHARGE  I  RECORO  10 


POLLUTION  INCIDENT  REPORTING  SYSTEM 
(PIRS) 

_ (DISCHARGE'  _ 


!N*U?  TO  RtRS  PRE-EOlT  12210m 


NOTE;  1.  A  •  Al»n«,  K  •  <«ar*.Ml) ,  A  X  -  A I  pk»/X««»ric 

2.  C*tw"'A«  1  tKrw  14  t»m*  <ar  C*r|i. 


District 

Sequence  Number 
Datq'of  i 

Transaction  Code 


'  Card  Nvrnbi' 

Sind  Speed. Direction 
Sea  Hgt  Swell  Direction 
Current  Speed, Direction 
Notifier 

Anticipated  Response 
OPFAC  Number 
Report  Period  Date 


CUI  C  D  ON  OIICLCU 


Card  column 


1-2  (N) 

3-7  (N) 

8  -  13  (N) 
14  -  16  (A) 


j  17  (N) 

21-25  (N) 

26  -  30  (N) 
31-35  (N) 
39-41  (A/N) 

42  (N) 

44  -  53  (A/N) 
75  -  80  (N) 


Month 


ADD/COR/DEL 


Cord  Nm»  bar 

17  (N) 

Time  of  Occurrence 

21  -  23  (N) 

Day  of  Seek 

Loreitjon 

24  -  33  (A/N) 

! 

State 

34-35  (A) 

i 

Water  Body 

36  -  38  (N) 

Source 

39  -  41  (a/N) 

Source  Identifier 

42  -  49  (N) 

Cause 

S1-S2  (A) 

! 

Operation 

54-55  (N) 

j 

Material 

56  -  59  (N) 

Quantity 

60  -  67  (A/N) 

Affected  Resources 

69  -  74  (A/N) 

Report  Period  Date 

75  -  80  (N) 

Yr. 

l  Anars 

1 

Feet 


I  Knots 


FIGURE  3-1.  PIRS  DATA  FORM  (Paco  1) 


TA3LE  3-1. 


CLASSIFICATION 


qpt:  i 


SPILL  SOURCE 

Vessel  Spills 

Tankships 
Tank  Barges 
Other  Vessels 

Marine  Facility* 

Offshore 

Production 

Pipelines 

Onshore 

Pipelines 

Other  Transportation 
Non -Transport at ion 
Other 


PIRS  CODE  NUMBER 


010  through  019 
030  through  059 
000,  050’  through  058 


506 

402 

400,  401 

200  through  399 

500  through  504,  507  and  508 

900,  999 


*Spills  from  these  sources  include  so-called  "transfer 
spills" . 


January  19“6:  $5  of  the  316  spills  over  10,000  pallors  from  January 

1S“4  through  January  1 9 “ 6  have  no  latitude  and  longitude  or  river 
and  rr.il  e .  These  records,  however,  have  the  state  in  which  the  still 
occurred,  and  on  that  basis  it  was  possible  to  narrow  down  to  38 
the  number  that  could  have  occurred  in  any  of- the  regions  of  in¬ 
terest.  Of  these,  only  3  could  be  classified  with  any  assurance 
into  a  rep;ion,  since  they  were  recorded  as  coastal  spills.  The 
remaining  35  stills  bore  an  inland  water* bodv  type  code,  and  could 
not  be  definitelv  classified  as  in  a  region. 


Table  5-2  shows  a  breakdown  of  the  553  FIRS  records  for 


spills  of  1  0,000  gallons  or  more,  from  1 9 ~ 4  through  19~'.  One 
hundred  forty-seven,  or  about  26',  are  recorded  to  have  occurred 
in  these  regions:  373  ,  or  6 T % ,  are  recorded  as  outside  any  of 
the  regions;  and  35,  or  about  6%,  are  possibly  within  the  regions 
of  interest.  Of  these  33  possible  regional  spills,  the  preponderance 
is  in  Texas  for  seme  unknown  reason.  The  exact  distribution  of  the 


35  stills  bv  state  is: 


L  v.  .  i . «  L  w  ...  u 


New  York 


New  Jersev 


Pennsylvania 


.ouis  tana 


i  ex  as 


3.3  NATIONAL  RESPONSE  CENTER  (NRC)  CENTRAL  REPORTING  FACILITY 
DATA 


The  National  Response  Center  was  established  at  USCG 
Headquarters  and  began  functioning  in  August  1974,  in  accordance 
with  the  National  Oil  and  Hacardous  Substances  Pollution  Contin¬ 
gency  Plan  (Title  40  CFR,  Part  1512).  Until  Jan.  1,  19""  the 
NRC  was  one  of  four  USCG  elements  to  which  a  soill  could  be 


-  .''A..  ' 


■BEKCTSg BE 


TABLE  3-2.  ANALYSIS  0?  PIRS  SPILL  RECORDS 
JANUARY  1 P 74  -  DECEMBER  1977 

Number  of  PIRS  records,  cil  spills  of  10,003 


gallons  or  more  .  S 5 5 

Latitude  and  Longitude  specified  .  405 

River  and  Mile  specified  .  55 

State  only  specified  .  S5 

5  5  5 


Categorized  to  one  of  four  regions  on  basis  of  latitude 
and  longitude,  or  river  and  mile 


New  York  Region  .  51 

Delaware  Bay  Region  .  19 

Louisiana  Coast  Region  .  45 

North  Texas  Region  .  29 


Probably  within  one  of  the  four  regions,  on  basis  of 


state  only  and  water  body  type  .  3 

Possibly  within  one  of  the  four  regions,  on  basis  of 

state  only  and  water  body  type  .  35 

Not  in  any  of  the  four  regions  .  3 7 3 

5  5  5 
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all 


^  r~\  ■>-■££  -i  f  IT 

sriils  be  resorted 


cm  January  1,  1S77  on  it  was  required  that 


1S7 7  „ 

he  NRC,  if  practical.  Duties  of  the  NR 
include  receiving,  evaluating  and  disseminating  reports  of  spi 
and  maintenance  of  case  files  on  medium  coastal  and  major  inlar 
pollution  incidents.  Thus  a  scan  of  the  N'RC  files  can  be  expec 
to  yield  spills  of  10,000  gallons  or  more,  based  on  the  defini¬ 
tions  of  medium  and  major  discharges.  (See  Reference  17,  1510. 
(£.)).  While  reporting  to  the  NRC  did  not  become  a  requirement 
until  January  l,  1977,  it  nevertheless  was  expected,  from,  the 
nature  and  history  of  the  NRC,  that  most  spills  over  10,000 
gallons  from  August  1 9  ~  4  onward  would  be  recorded  in  its  files. 

The  NRC  case  files  are  not  coded  and  must  be  scanned 
manually.  This  was  done  for  ail  cases  within  the  four  regions 
from  August  1974  through  December  1977.  The  process  yielded  a 
total  of  79  incidents  of  oil  spills  over  10,000  gallons.  The 
primary  data  extracted  for  each  spill  were: 

Latitude  and  Longitude,  or  River  and  Mile 
Location  Name  and  State 
hater  Body  Name 

Source  Name,  Type  Code,  and  Identification  Number 
Material  Code  (as  in  PIRS) 

Quantity  Spilled 
Date  and  Time 

Cause  and  Factor  Code  (as  in  PIRS) . 

It  was  found  that  quantity  discharged  was  not  always  sta 
in  the  NRC  files.  Often  the  quantity  recovered  was  reoorred  bn 
no  estimate  given  of  the  total  quanti 

the  water.  In  such  cases,  unless  the  information  could  be 
extracted  from  the  PIRS  file,  a  nominal  factor  of  2.0  was 


~  iS 
*  A 


ged  was  not 

alway 

e cove red  was 

repo 

discharged 

or  re 

nformation  c 

ould 

The  others  were  (a)  the  pre-des igr.ated  On-Scene-Ccordinstcr ,  (b) 
the  Officer -in-Charge  cf  any  Coast  Guard  unit  in  the  vicini 
the  discharge,  and  (c)  the  Commander  of  the  Coast  Guard  Dis 
in  which  the  spill  occurs. 
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r*  r* 


z  r*  3  v  c  e  ■ 


i*  0  ccvsrs» 


:o  :ne  quantity  recovered  to  estimate  tne  quantity  c: 

This  process  was  followed  also  when  the  quantity 
discharged  was  less  chan  Che  coca!  cpuantitv  rerorte; 


The  iacicude  and  long  : tuae  or  cne  spill,  cr  cne  river  mile, 
when  ncc  given  in  the  PIRS  or  NRC  reports,  were  obtained  from  an 
atlas,  based  on  the  described  location.  Hence  some  are  approxi¬ 
mate.  Similary,  the  source  code,  material  code,  and  cause/ 
factor  code  were  assigned  using  the  PIRS  coding  manual  and  the 
NRC  narrative  account  whenever  a  PIRS  record  for  the  spill  could 
not  be  identified. 


3.4  COMBINED  PIRS  AND  NRC  DATA  -  UNRECORDED  SPILLS 

The  combined  PIRS  and  NRC  spills  are  listed  .in  Appendix  A. 

This  listing  also  includes  data  from  the  Commercial  Vessel 
Casualty  File,  the  uses  of  which  will  be  discussed  in  the  next 
section.  An  analysis  of  the  PIRS  and  NRC  data  by  source  and 
year  is  given  for  each  region  in  Tables  3-3,  3-4,  3-3,  and  3-6.  The 
analysis  for  all  four  regions  combined  is  given  in  Table  3-".  In 
all  of  these  tables  there  is  shown  the  number  cf  spills  in  the 
PIRS  files,  in  the  NRC  files,  and  in  both  files,  in  the  form 
X/Y/I. 

The  most  striking  feature  of  Table  3-7  is  the  relatively  low- 
fraction  of  all  reported  spills  that  appear  both  in  the  PIRS  and 
NRC  files.  The  number  of  distinct  spills  appearing  in  the  two 
files  is  X  -  V  -  C ,  or  146  +  76  -  46  =  176,  as  obtained  from  the 
total  shown  in  Table  3-7.  The  number  of  spills  that  appear  in 
both  files,  however,  is  only  46  ,  giving  an  "overlap"  cf  only  D 6 % . 
Since  NRC  did  not  commence  operation  until  August  1974,  however, 
it  does  not  contain  many  spills  occurring  prior  to  that  month. 
Hence,  only  the  period  August  1974  through  December  1977  should 
be  considered  in  any  estimate  of  recording  overlap.  When  this 
is  done,  however,  the  result  is  still  only  30;,  as  scon  in 
Table  5-3. 
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TABLE  3-5.  PIR5  AND  NRC  SPILLS  OVER  10,000  GALLON’S,  19  74  -  77 

-  NE7;  YORK  - 


•  1974 

1975 

1976 

1977 

Total 

Vessels 

Tankers 

1/1/1 

2/2/2 

1/1/1 

0/0/0 

4/4/4 

Barges 

7/1/1 

2/2/2 

0/1/0 

3/1/1 

12/5/4 

Other 

2/0/0 

0/0/0 

1/0/0 

1/0/0 

4/0/0 

Marine  Facilities 

3/1/1 

1/0/0 

1/0/0 

3/0/0 

S/1/1 

Offshore 

Production 

0/0/0 

0/0/C 

0/0/0 

0/0/0 

0/0/0 

Pipelines 

0/0/9 

0/0/0 

0/0/0 

0/0/0 

0/0/C 

Onshore 

Pipelines 

1/0/0 

0/1/0 

1/1/0 

0/0/0 

2/2/0 

Other  Transportation 

1/0/0 

0/0/0 

C/0/0 

2/1/1 

3/1/1 

Non-Transport 

3  ''1/1 

2/0/0 

6/2/1 

5/2/1 

14/5/3 

Other  and  Unknown 

3/0/0 

1/0/0 

1/2/0 

1/1/0 

6  /  5/0 

Total 

21/4/4 

8/5/4 

11/7/2 

1 5  /  5  /  3 

53/21/15 

LEGEND:  PIRS/NRC/BCTH. 
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TABLE  3 - - .  PIRS  AND 

c ~  T 

_  DEL  A 

LL?  OVER 

WARE  BAY 

10,000 

r  '  1  t  n\m 

'J.-V 

la*: 

:  a-:  - 

1 9  “  6 

IQ" 

^  _  *T 

—  -  •  J 

Vessels 

Tankers 

2/1/1 

1/1/1 

2/2/2 

0/0/0 

Barges 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

Other 

0/0/0 

1/0/0 

0/0/0 

0/0/0 

Narine  Facilities 

0/0/0 

0/0/0 

2/0/0 

0/0/0 

Offshore 

Production 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

Pipelines 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

Onshore 

Pipelines 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

Other  Transportation 

0/0/0 

o/o/o 

0/0/0 

o 

o 

o 

Non- Tran  sport 

:/0/0 

3/2/0 

2/1/0 

1/0  '0 

Other 

0/0/0 

0/0/0 

0/0/0 

1/0/0 

Total 

LEGEND:  PIRS/NRC/30TH. 

4/1/1 

5/3/1 

6/3/2 

2/0/0 

VL 


TABLE  3-3.  DIRS  AND 

XRC  SPIL 

LS  OVER  10,000  GALL 

.OXS,  19  "4- 

-  LOUIS 

1S74 

i  CC.nb  i 

19"5 

1976 

'  Q  -  - 

Total 

Vessels 

Tankers 

1/1/1 

2/2/2 

0/1/0 

0/1/0 

3/5/3 

Barges 

3/3/1 

2/3/2 

3/3/3 

5/3/1 

13/12/ 

Other 

1/0/0 

0/0/0 

2/0/0 

1/0/0 

4/0/0 

Marine  Facilities 

0/0/0 

0/0/ 0 

0/0/0 

0/0/0 

0/0/0 

Offshore 

Production 

1/1/0 

1/1/1 

6/2/2 

0/0/0 

S/4/3 

Pipe  1 ine s 

0/1/0 

1/0/0 

1/1/1 

1/1/1 

3/ 5/2 

Onshore 

Pipelines 

2/0/0 

2/1/1 

1/1/0 

1/1/0 

6/3/1 

Other  Transportation 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

Non  -  Transport 

1/0/0 

3/2/0 

1/2/1 

2/1/0 

7/5/1 

Other 

1/1/1 

0/1/0 

0/0/0 

2/0/C 

3/2/1 

Total 

10/7/5 

11/10/6 

14/10/7 

12/7/2 

47/34/ 

LEGEND:  PIR3/MRC/E0TH . 
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TABLE  3-6.  PIRS  AND  NRC  SPILLS  OVER  10,000  GALLONS,  197  4-77 


• 

NORTH  T 

EXAS  COAST 

r 

IS  74 

1975 

1976 

19  7  7 

1  Ctdl 

Vessels 

Tankers 

1/0/0 

1/1/1 

i/i/i 

1/1/1 

4/3/3 

Barges 

3/1/1 

1/1/1 

2/2/2 

1/1/1 

6/4/4 

Other 

0/0/0 

'0/0/0 

1/0/0 

1/0/0 

2/0/0 

Marine  Facilities 

0/0/0 

0/0/0 

0/1/0 

1/1/1 

1/2/i 

Offshore 

Production 

1/0/0 

0/0/0 

1/0/0 

0/0/0 

S/5/1 

Pipelines 

0/0/0 

1, 1/1 

0/0/0 

0/0/0 

1/1/1 

Onshore 

Pipelines 

6/2/1 

0/1/0 

0/0/0 

1/c/o 

7/5/1 

Other  Transportation 

0/0/C 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

Non-Transport 

1/1/1 

2/0/0 

1/0/0 

1/0/0 

5/1/1 

Other 

0/0/0 

1/0/0 

0/0/0 

0/0/0 

1/0/0 

Total 

12/4/3 

6/4/3 

5/3/2 

6/3/5 

29/14/11 

LEGEND:  P IRS/NRC/3C7H . 
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TABLE  3-7.  PIRS  A 

ND  NRC  SPIL 

LS  OVER  10 

,0C0  GALL 

,ONS  ,  19' 4 

-  ALL  FOUR  REGIONS 

— 

1974 

1975 

1976 

19" 

;  0  Z  3. 1 

Vessels 

Tankers 

5/5/3 

6/6/6 

4/5/4 

1/2/1 

16/16/14 

Barges 

13/5/5 

5/6/5 

5/6/5 

9/5/3 

51/21/13 

Other 

5/0/0 

1/0/0 

4/0/0 

3/0/0 

11  '0/0 

Marine  Facilities 

5/1/1 

1/0/0 

3/1/0 

4/1/1 

11/3/2 

Offshore 

Production 

2/1/0 

1/1/1 

6/2/2 

0/0/0 

9/4/3 

Pipelines 

0/1/0 

2/1/1 

1/1/1 

1/1/1 

4/4/3 

Onshore 

Pipelines 

9/2/1 

2/3/1 

2/2/0 

2/1/0 

16/S/2 

Other  Transportation 

1/0/0 

0/0/0 

0/0/0 

2/1/1 

3/1/1 

Non-Transport 

Facility 

'/ 2/2 

10/4/0 

10/3/2 

7/5/1 

34/14/5 

Other 

4/1/1 

2/1/0 

1/2/0 

4/1/0 

11/5/1 

Total 

47/16/11 

30/22/14 

36/24/14 

55/15/8 

146/76/46 

LEGEND:  PIRS/NRC/BOTH. 
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TT 


Since  or.lv  5 0 7  o: 


cr.e  is  led  t 
in  neither  f 


the  reported  spills  appear  in  both  files, 
o  inquire:  How  many  spills  occurred,  but  appeared 
ile?  Surprisingly,  it  is  possible  tc  estimate  how 
many  spills  were  not  recorded  at  all.  In  fact,  the  method  for 
making  such  an  estimate  has  long  been  used  in  estimating  game 
population  (Reference  IS,  p.  45)  and  demographic  characteristics 
It  has  also  been  employed  by  the  Federal  Aviation  Administration 
(Reference  19)  to  estimate  the  actual  number  of  near  mid-air 
collisions  (XMAC's)  from  two  sets  of  pilot  reports. 


To  apply  this  technique,  it  is  necessary 


:o  assume  tnat  tne 


spills  listed  in  the  FIRS  or  XRC  records  are  selected  at  random 


cords 

£  V  <3  Q  O  *  O 

that 

occurred 

n  t  i  on 

would  no 

from  all  spills  ever  10,000  gallons  that  occurred  between  August 
19~4  and  December  IS”.  This  assumption  v:ouid  net  held  if  cert 
types  of  spills  were  recorded  by  one  source  more  consistently 
than  other  types.  If,  for  example,  vessel-related  spills  were 
not  recorded  by  XRC  with  the  same  reliability  as  pipeline  spills 
then  the  estimation  method  would  net  be  valid.  It  was  net 
possible  to  ascertain,  from  interviews  with  the  relevant  USCG 
personnel,  whether  such  a  bias  did  indeed  exist.  Neither  dees 
examination  of  the  data  of  Table  3-7  shew  any  intelligible 
pattern.  One  might  expect  that  the  FIRS  records,  which  are 
entered  by  the  USCG  personnel  at  the  District  level,  would  con¬ 
tain  relatively  more  records  of  vessel 
spills  than  the  XRC  records,  which  are 
in  the  country.  This,  however,  is  not 
Table  5-7,  which  show  that  vessel,  off 
spills  constitute  4S7  of  the  FIRS  records  and  517 
records . 

Given  the  above  assumption, 

Table  5-S  (see  Appendix  B)  that  the  number  X  of  spills  that  have 
actually  occurred  from  Aug.  1974  to  December-  19""  in  the  four 
regions  is : 

x  =  x-v/: 

=  114*73/44 
=  IS  9 


offshore 

and  other  marin 

sported  b 

y  all  observers 

effected 

in  the  data  of 

ore  and  c 

ther  marine 

s  and  51; 

of  the  XRC 

,  one  may 

estimate  from 

— *-  **.  - 


tne 


The  number  of  distinct  spills  recorded  by  the  tuo  sources  ,  144 , 
is  therefore  about  "51  cf  the  number  estimates  tc  have  actually 
occurred . 

One  rr.av  i  ^  5 z,  i £ i  a b  1  v  i  n  c  u  i  r  0  2. 5  t c  the  c  0  n  1 L  2  0  ‘i  c  0  t  i j 2 1  m 2 v 
be  placed  in  the  estimate  cf  X.  As  discussed  in  Appendix  3,  the 
overlap  2  is  approximately  normally  distributed  about  XV /X  with 
variance  V: 

V  =  X  (X-X)  V  (X-Y)/X° 

As  different  values  cf  X  are  assumed,  the  distribution  cf 
the  overlap  I  varies,  according  to  the  following  table: 

Assumed 


Value  of  X 

=  150 

165 

190 

25  5 

250 

Expected 
Overlap  2 

=  5  5.5 

50.9 

44.0 

5  5.4 

35.3 

Variance  V 
of  Overlap 

=  5.1 

8.7 

10.7 

12.6 

12.8 

Probabilitv  of 
:  <  44 

>  44 


<  .0001 


From  the  last  line  of  the  above  table  it  appears  unlikely  that 
X  is  less  than  165  or  more  than  235.  It  should  be  reiterated  tha 
this  X  applies  only  to  the  period  August  19"4  through  December 
197"  . 

One  also  may  inquire  as  to  the  effect  of  the  assumption  of 
independent  reporting.  While  mo  formal  mechanism  exists  for 
PIRS  or  XRC  to  obtain  data  from  the  other  system,  it  is  possible 
that  informal  communication  existed  between  them  during  the  time 
frame  of  interest.  If  this  was  so,  however,  the  estimated  total 
number  of  spills  would  be  greater  than  1S9,  rather  than  less, 
for  the  data.  This,  also,  is  demonstrated  in  Appendix  B. 

In  summary,  one  must  conclude  that  at  least  13c,  and  most 
likely  25i  cf  all  oil  spills  over  10,000  gallons  in  1974-""  went 
unrecorded  in  either  PIRS  or  XRC,  in  the  four  regions  studied. 

If  one  considers  only  vessel  and  other  marine  spills,  however, 


, 


r 


:e  o: 


unreccrce: 


S 1 1 1 1  5 


ratner  t a : 


jmmercial  vessel  casualty  file  (cvcf)* 

The  Commercial  Vessel  Casualty  File  is  based  or.  U.S.  Coast 
Guard  reports  made  on  Forms  CG-2692,  CG-924E,  and  related  reports. 
It  encompasses  all  casualties  to  U.S.  vessels,  or  to  foreign 
vessels  in  U.S.  waters,  provided  the  casualty  involved  one  or  more 
of  the  following: 

a.  Property  damage  in  excess  of  $1300 

b.  Damage  affecting  the  seaworthiness  of  the  vessel 

c.  Stranding  or  grounding 

d.  Loss  of  life 

e.  Injury  producing  at  least  “2  hours  incapacity. 

Oil  leakage  or  spillage  alone  does  not  require  the  filing 
of  a  casualty  report,  unless  the  value  of  the  oil  or  its  damage 
exceeds  $1500.  Moreover,  the  amount  of  oil  spilled  is  not 
included  in  CG-2692  and  is  recorded  ir.  the  computerised  file  only 
as:  0  =  no  significant  data,  1  =  light  oil  pollution,  2  = 

moderate  oil  pollution,  3  =  heavy  oil  pollution.  The  narrative 
reports  and  Form  CG-2692  give  more  specific  data  than  the 
computerized  file.  It  was  found  that  the  computer  file  was 
adequate  only  for  a  coarse  screening,  because  it  records  the 
date  only  to  the  month,  and  location  only  to  the  nearest  Maritime 
Position  number,**  and  the  quantity  of  oil  only  approximately, 
as  0,1,2,  cr  5.  Therefore  it  was  necessary,  ir.  many  cases,  to 
examine  the  actual  casualty  file  to  determine  whether  an 
incident  listed  in  the  CVCF  printout  was  distinct  from  a  similar 
incident  recorded  in  PIRS  or  N'RC ,  and  if  so,  how  much  oil  was 
spilled.  Even  when  this  was  done  there  remained  some  23  cases 


Referred  to  as  the  Merchant  Vessel  Casualty  File  (MVCFj  in 
Reference  15. 

•I* 

These  "Bowditch  numbers’’  are. a  set  of  5*  digit  numbers  assigned 
to  recognizable  coastal  points,  usually  from  2  to  20  miles 
apart.  See  H.O.  Publication  No.  9,  Amer ican  Practical  Naviga¬ 
tor  ,  N.  Bowditch,  any  recent  edition. 


ir.  the  four  regions,  for  which  the  CYCF  was  the  only  inf crmst icn 
source  (i.e.,  r.c  FIRS  or  NRC  data;  and  with  only  the  0,1, 2, 3 
indicator  of  the  amount  of  oil  spilled.  This  indicator,  there¬ 
fore,  was  examined  in  some  detail. 

i 


Comparison  of  the  CYCF  pollution  indicator  (0,1, 1,3)  with 
quantity  spilled  as  recorded  in  PIRS  and  ir.  the  CYCF  Investigating 
Officer's  Report  yielded  the  following  breakdown: 


CYCF  INDICATOR 
*  1  =2 


(light  pollution] 

(moderate  p< 

o  Hut  icn) 

(heavy  pell; 

-t ion] 

20,000 

P 

11,000 

p 

105,000 

p 

15,000 

P 

S  2 , 000 

P 

52,000 

? 

100 

V 

21,000 

P 

102,000 

P 

000 

Y 

90,000 

P 

65,000 

P 

ooo- 

V 

277,000 

P 

210,000 

p 

200 

Y 

420,000 

P 

37S  ,000 

P 

200 

Y 

5,000 

Y 

SOO 

Y 

1,500 

V 

1,474 

Y 

126 

V 

■  500 

V 

13 

Y 

1,000 

Y 

S  4 

V 

S4.000 

P 

^  * 
l 

105,000 

p 

0 

Y 

160,000 

P 

25,000 

P 

200 

Y 

S40 , 000 

p 

60 

Y 

S4 , 000 

P 

0 

V 

16,800 

P 

0  V 
4  20  Y 


-  =  amount  spilled,  in  gallons,  recorded  in  PIRS  file 
v  =  amount  spilled,  in  gallons,  shown  in  CYCF  Investigating 
Officer's  Report. 


25 


amount  recorded  in 


.-ron  this  breakdown  it  appears  that  the 
the  YCF  Investigating  Officer's  Report  is  vs 


nan  tne 


amounts  recorded  in  FIRS,  for  spills  bearing  the  pollution  indi¬ 
cator  1  or  2.  Further,  the  YCF  pollution  indicator  is  not  always 
consistent  with  itself.  A  soill  described  in  the  YCF  case  resort 


“ 2 3 _ 3  as  being  approximately  1500  gallons  bears  an  indicator  of 


1,  (light  pollution)  while  one  described  as  approximately  900 
gallons  in  case  *51795  bears  an  indicator  of  3,  (heavy  pollution) 
It  should  also  be  noted  that  many  YCF  reports  did  not  attempt  to 
estimate  amount  of  pollution,  referring  the  reader  to  the  report 
of  the  OC.MI  or  COTP  cognizant  of  the  spill. 


Given  the  above  uncertainties  in  quantity  spilled,  as 
indicated  by  the  CYCF,  the  following  compromise  with  accuracy 
was  made:  Spills  for  which  the  CYCF  pollution  indicator  was  the 
only  information  on  quantity  spilled  were  considered  to  be  10,000 
gallons  or  more  if  the  indicator  was  2  or  3.  This  procedure, 
plus  the  Investigating  Officer's  estimates,  yielded  a  total  of 
9  spills  over  and  above  the  144  recorded  in  FIRS  or  N'RC  for 
1974-77:  two  in  the  New  York  region,  one  in  Delaware  Bay,  five 
in  Louisiana  and  one  in  North  Texas. 


EXPOSURE  VARIABLE  DATA 


The  numbers  of  spills  ir.  the  four  regions  cannct  be  compared 
meaningfully  unless  they  are  normalized  to  some  measure  of  spill 
threat  exposure  in  each  region.  A  useful  exposure  variable  must 
be  related  to  the  type  of  spill  that  it  is  intended  to  explain. 

For  example,  transfer  spills  might  be  related  to  the  amount  of 
oil  loaded  or  unloaded;  collisions  and  groundings  might  be  related 
to  the  total  vessel  miles  in  a  waterway  or  harbor;  onshore  spills 
might  be  related  to  the  total  oil  entering  and  leaving  a  region. 
For  each  of  the  classes  of  spills  shown  in  Table  3-1,  candidate 
exposure  variables  were  selected  from,  the  oil  and  vessel  movement 
data  available  in  the  ACOE  "Waterborne  Commerce  of  the  United 
States."  (Reference  9)  This  publication  is  the  most  comprehensive 
data  source  available  on  U.S.  oil  movement.  The  selections 
possible  are  shown  in  Tables  4-1  and  4-2.  A  check  mark  indicates 
that  the  spill  source  on  the  left  is  possibly  related  to  the  oil 
or  vessel  movement  type  shown  at  the  top.  Table  4-1  shows  pos¬ 
sible  oil  movement  types  and  Table  4-2  shows  possible  vessel 
movement  types. 

4.1  OIL  MOVEMENT  AS  AN  EXPOSURE  VARIABLE 

It  is  seen  in  Table  4-1  that  tanker  spills  might  be  related 
to  all  types  of  oil  movement  except  local,  and  barge  spills  to 
all  types  of  movement  except  foreign.  When  the  various  types  of 
oil  movement  are  broken  down  by  vessel  type,  however,  one  finds 
the  data  of  Table  4-3.  The  tonnage  movement  breakdown  suggests 
that  one  may  attempt  to  relate  tanker  spills  to  foreign  and  coas¬ 
tal  movement,  and  to  relate  barge  spills  to  internal  and  local 
movement.  Alternately,  one  may  attempt  to  relate  all  vessel 
spills  to  the  total  oil  movement.  The  vessel  trip  breakdown, 
however,  shows  that  most  trips  are  made  by  tank  barges,  parti¬ 
cularly  in  the  Gulf  coast  ports.  These  possibilities  will  be 
explored,  further  in  the  next  section.  It  suffices  to  note  at 
this  point  that  it  may  be  useful  to  segregate  the  oil  movement 


TABLE  4-2.  SPILL  SOURCES  AND  VESSEL  MOVEMENT  TYPES 


VESSEL  TRIPS  BY 


slf -Prone  1  led 


Non-Self  Prooelled 


joill  Source 


Vessels 

Tankers 

Barges 

Other 


Marine  Facilities 


Of  f  shore 

Production 

Pipeline 

Onshore 

Pipelines 
Other  Transport 
Non-Transport 
Other 


Tankers  Drv  Cargo  Others  Tankers  Dry  Carte 


30 


;alysis  of 


OIL  MOVEMENT  BY  VESSEL  TYPE 


Tankers 

Tank  Barges 

Foreign 

100 

0 

Coastal 

89 

11 

Internal 

98 

Local 

14 

PERCENT  BY  VESSEL  TRIPS1'" 

86 

Tankers 

Tank  Earges 

Atlantic  Ports 

39 

61 

Pacific  Ports 

73 

Gulf  Ports 

i  0 

9_0 

Combined  Ports 

•  ^ 

"  6 

(1)  Reference  20,  Tables  I-A  and  II-A. 


t'2)  Reference  20, 


AuOendix 


cats  into  two  groups:  rcreigr.  ana  coastal  lr.  or.e  group  ar.c 
internal  and  local  in  the  other. 


Stills  droit  onshore  activit 


■states  to 


my  one  type  of  oil  movement.  Onshore  titeline  stills,  in  tarti- 


tsv  no* 


)crne  on 


data  at  all.  Onshore  storage  tank  leaks,  a  common  source  of  on¬ 
shore  spills,  may  involve  only  oil  that  has  had  land  transport  in 
its  history,  and  that  would  involve  only  land  transport  in  its 
future.  Clearly,  distinguishing  such  onshore  spills  from  these 
of  waterborne  oil  is  not  practical,  since  it  requires  investiga¬ 


tor.  o: 


:e  transtort  histcrv  of  the  stilled  oil. 


r.  e  on  i  v 


:1  tossibilitv  attears  to  be  to  relatf 


1  cnsr.or 


m  tne  region  to 


a.  waterborne  movement  in  tr.s 


T  q  -  £  - 


spills  ar.c  other  marine  stills  a: 


:  a  _  .  v  re. 


to  the  total  amount  of  oil  that  is  loaded  or  unloaded  on  vessels 
in  the  region  of  interest.  This  is  measured  by  the  total  of  _ 
foreign,  coastal,  internal  and  local  tonnages  excluding  the 
M throu^n*'  ccnpcr.cr.  t  c  f  such  niCYwineriwS*  Tns  throuch*'  re 0 v 0 rr. 0 ri. c  ir. 
a  waterway  is  the  tonnage  that  enters  and  leaves  the  waterway 
without  being  loaded  or  unloaded  within  the  waterwav.  Fortunate! 


ACOE  data  list  through  tonnages  separately  within  the  foreign, 
coastal,  and  internal  categories.  (Local  movements  do  not  encom¬ 
pass  any  through  traffic).  Subtracting  the  through  tonnages  from 
the  total  movement  should  yield  ar.  exposure  variable  that  may  be 
related  to  transfer  spills. 


4.2  VESSEL  TRIPS  AS  AX  EXPOSURE  VARIABLE 

As  noted  above,  the  ACOE  oil  tonnage  data  do  r.ct  distinguish 
barge  from  tanker  movements  for  each  of  the  four  regions  of 
interest.*  However,  the  data  do  show  tanker  and  tank  barge  trips 
by  port  or  waterway,  but  net  for  separate  commodities.  If  one 
assumes  that  ail  tankers  carry  oil,  then  the  trip  data  cay  be  use: 
as  a  measure  of  tanker  ar.c  tank  barge  activity  by  pert  or  water¬ 
way.  However,  not  all  tankers  carry  oil,  and  an  estimate  is 

*Part  5  of  the  ACOE  volumes  does  give  barge  tonnages  by  commodity 
for  the  count rv  as  a  whole. 


needed  of  what  fraction  do  so,  and  hew  that  fraction  varies  from 
region  to  region.  A  check  of  the  PIRS  liquid  spills  over  10,000 
gallons  involving  tankers  or  tank  barges  from  19~3  through  1977, 
shews  that  3d  of  tanker  spills  and  IS %  of  tank  barge  spills  were 
liquids  other  than  petroleum  or  its  derivatives.*  (These  percent¬ 
ages  are  unchanged  when  spills  on  the  Mississippi-Ohio- Illinois 
River  systems  are  excluded  from  the  count) .  Hence  it  appears 
that  95%  of  tankship  trips  are  connected  with  petroleum  movement, 
while  about  80%  of  tank  barge  trips  are  so  connected.  It  is  not 
possible  to  determine,  from  published  data,  how  this  percentage 
varies  from  region  to  region.  It  is  apparent  then  that  vessel 
trips  can  reasonably  serve  as  an  exposure  variable  for  tanker 
spills  but  some  unknown  loss  in  accuracy  occurs  when  applied  to 
barge  movements. 

4.3  TABULATION’S 

Appendix  C  gives  oil  movement  tonnages  for  the  four  regions 
of  interest,  extracted  from  the  ACOE  volumes,  Within  each  region 
the  data  are  broken  down  by  year,  by  type  of  oil  (heavy,  light, 
crude),  and  by  waterway.  Through  movements  are  noted  separately. 

Appendix  D  gives  vessel  trips  for  the  four  regions  of 
interest,  also  extracted  from  the  ACOE  volumes.  Within  each 
region,  the  data  are  broken  down  by  year,  by  type  of  vessel 
(tanker,  barge,  all  vessel  types),  and  by  waterway. 

The  totals  for  the  four  regions  are  given  in  Tables  4-4,  4 - 5 , 
and  4-6.  The  striking  feature  of  Tables  4-4  and  4-6  is  the  strong 
rise  in  tonnage  in  the  Louisiana  and  North  Texas  regions  from 
1974-77.  Total  tonnage  increased  by  about  57%  in  these  four 
years.  Tanker  trips,  however,  increased  by  only  56%  and  barge 
trips  were  virtually  unchanged.  Most  of  the  tonnage  increase 
can  be  traced  to  crude  oil  imports  into  Bator.  Rouge,  Lake  Charles, 
Port  Arthur,  Houston /Texas  City,  and  Freeport.  (See  Appendix  C) 


*The  percentage  for  tank  barges  excludes  intentional  dumping  of 
chemicals  under  permit. 
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TABLE  4-4.  OIL  MOVE: 

’  *“* r*  t- 

.  - n .N  :  ruA  r 

CUR  COAS 

TAL  REG I 

OXS,  EY 

r  i  "i 

YEAR 

CM 

ILL IONS  OF 

SHORT  T 

GXS) 

XEK  YORK  REGION 

1974 

1975 

1976 

1977 

Total 

Port  o£  New  York 

138.8 

129.4' 

137.5 

145.9 

5  51.7 

Long  Island  Sound 

26.6 

26.3 

28.0 

24.7 

105.7 

Hudson  River 

18 . 6 

17.7 

18  .  0 

17.6 

71.9 

Total  NY  Region 

184.0 

173.4 

1 S  3 . 5 

1 8  S  .  2 

729 . 3 

DELAWARE  BAY,  Total 

1 0  S  .  5 

96.8 

106.1 

105.0 

415.4 

LOUISIANA  COAST,  Total 

195.8 

2  2  2.9 

263.2 

530.1 

1012.0 

NORTH  TEXAS,  Total 

161.8 

156.7 

189.4 

228.7 

736.6 

(1)  extracted  from  Appendix  C. 


TABLE  4 


:AL  REGION'S,  BY  CARRIAGE'1 


(MILLIONS  OF 

SHORT  TONS) 

Receipts 

S  Shipments 

Thr 

ouch 

Total 

Ocean¬ 

Inter¬ 

Ocean 

Inter 

going 

nal 

-going 

-nal 

NEK  YORK  REGION 

Port  of  New  York 

366.0 

183.7 

0.0 

0.0 

551 .  7 

Long  Island  Sound 

100.8 

4.9 

0.0 

0.0 

105 . 7 

Hudson  River 

IS. 4 

49 . 7 

0.1 

2.6 

“1.9 

Total,  NY  Region 

486.2 

240.3 

0.1 

2.6 

7  29.3 

DELAWARE  BAY  REGION 

Total 

2S7.9 

95.4 

26.8 

3.4 

413.4 

LOUISIANA  COAST  REGION 

Total 

272.0 

276.6 

198.0 

265 . 4 

1012  .  0 

NORTH  TEXAS  REGION 

Total 

404.6 

171.6 

28.6 

160.4 

“36.6 

(1)  Extracted  frcn  Appendix  C. 
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’ESSEL  TRIPS  FOR  FOUR  COASTAL  REGIONS,  1974-77 <^1- 


i 


i 


(THOUSANDS  OF  VESSEL  TRIPS) 


T  Q  -  -1 
i?  /  n 

197  3 

1976 

1977 

Total 

NEK  YORK  REGION 

Port  of  New  York 

Tankers 

/  4 . 2 

63 . 8 

60.0 

51  .  8 

249.8 

Barge  s 

S3. 6 

8  5.7 

84. 3 

78 . 5 

342.1 

All  Vessels 

793.3 

6  75.9 

616.0 

318 . 2 

2603.6 

Long  Island  Sound 

Tankers 

5.1 

4.4 

4 . 2 

3 . 7 

17.4 

Barges 

/  .  7 

7  .  S 

6.5 

6.0 

2  S  .  0 

All  Vessels 

127.4 

115.3 

114 . 2 

105.4 

462.3 

Hudson  River 

Tankers 

2.3 

1.9 

1  .  8 

1.5 

“  .  5 

Earges 

S  .  3 

7 . 4 

-  «  i 

7  .  1 

30.  " 

All  Vessels 

110.9 

93.0 

7S.9 

62.5 

34  5.1 

Total,  NY  Region 

Tankers 

81.6 

70.1 

66.0 

37.0 

274.7 

Barges 

109.  S 

100.  S 

98.5 

91 . 6 

400.  • 

All  Vessels 

1031.7 

SS4.1 

SOS .  2 

685. 9 

3410.9 

(1)  Extracted  from  Appendix  D. 
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TABLE  -1-6.  VESSEL 
(CONTINUED) 

TRIPS  FO 

R  POUR  COASTAL  REG 

IONS,  19 "4 

c 

THOUSANDS 

OF  VESSEL 

TRIPS) 

1974 

1975 

1976 

1977 

Total 

DELAWARE  BAY  REGION 

Tankers 

5.1 

4  .  5 

4.5 

4.1 

18.2 

Barges 

16.5 

13.5 

14.3 

12.5 

56.8 

All  Vessels 

118. S 

119.6 

94.9 

ST.  2 

420.5 

LOUISIANA  COAST  REGION 

Tankers 

".5 

8.4 

S  .  9 

9 . 7 

34.5 

Barges 

171 .  5 

1S2.6 

177.4 

18  3.1 

714.6 

All  Vessels 

56  5.0 

799.9 

838 . 8 

896.6 

3100.3 

NORTH  TEXAS  REGION 

Tankers 

8.3 

7.9 

S  .  8 

8.9 

33.9 

Barges 

110.5 

102.3 

109.2 

106.5 

4  2  S  .  5 

All  Vessels 

2  ~  5  .  7 

258 . 6 

291 . 6 

292.1 

1118.1 

5,  SPILL  RATES 


The  spill  data  and  exposure  data  developed  in  the  preceding 
sections  will  be  combined  here  to  yield  spill  rate  estimates  for 
the  four  regions.  First,  a  set  of  estimates  will  be  developed 
using  tonnage  of  oil  movement  as  the  exposure  variable,  and  then  a 
set  will  be  developed  using  vessel  trips  as  the  exposure  variable. 
In  both  cases  the  spill  rate  estimates  will  be  for  spills  of  oil 
and  oil  products  of  10,000  gallons  or  more  in  the  four  regions  and 
in  19~4 - 1977 ,  derived  by  the  method  selected  in  Arnendix  E . 


5.1  SPILLS  PER  MILLION  TONS 

the  gross  spill  rates  for  the  four  regions,  counting  all  spill 
sources  and  oil  movements,  are  shown  in  Table  5-1.  It  appears  that 
all  regions  have  spill  rates  in  the  range  of  .04  to  .07  spills  per 
million  tons  except  the  Hudson  River  subsection  of  the  New  York 
region.  The  statistical  significance  of  the  observed  spill  rate 
in  the  Hudson  River  area  can  be  tested  by  the  method  described  in 
Appendix  F.  The  normal  approximation  described  there  indicates 
that  the  odds  against  the  Hudson  River  having  the  same  spill  rate 
as  the  remainder  of  the  four  regions  are  about  10,000,000,000  to  1, 
based  on  the  data  of  Table  5-1. 

It  is  clear  then,  that  either  the  spill  rate  in  the  Hudson 
River  is  significantly  different  from  that  in  the  remainder  of 
the  regions,  or  that  the  Hudson  River  data  (either  spills  or  oil 
movement)  are  in  error.  This  question  will  be  treated  in  Section 
5.5.  First,  it  is  appropriate  to  exclude  the  Hudson  River  data 
and  to  inquire  whether  any  of  the  other  regions  or  subregions  show 
significant  deviations  from  the  remainder. 

Table  5-2  summarizes  the  results  of  significance  testing  on 
the  data  for  the  four  regions,  excluding  the  Hudson  River.  The 
normal  approximation  and  test  procedure  outlined  in  Appendix  F 
were  used  once  again.  It  is  clear  from  the  last  column  of  Table 
5-2  that  none  of  the  separate  observations  is  very  unlikely,  giver. 


1 


All 

Ciln, 

Soills 

1974-77 

Waterborne 

Oil  /•£) 
Movement 
1974-77 

Spills  per 
Million 
Tons 

Movement 

NEW  YORK 

Pert  of  NY 

38 

3  51.7 

.069 

LI  Sound 

6 

105.7 

.05” 

Hudson  River 

19 

71.9 

.  264 

DELAWARE  BAY 

***  "i 

415.4 

.035 

LOUISIANA  COAST 

68 

1012.0 

.067 

NORTH  TEXAS 

34 

7  36.6 

.046 

1ST 

2S91 .  3 

.065 

^ Includes  spills  from  all  sources,  as  recorded  in  NRC,  PIRS  or 
\'CF.  See  Appendix  A. 

fT) 

'Millions  of  tons.  See  Table  4-4  or  4-5. 


the  tot  a! 


snows  a 


stills  and  the 


.  cf  1 

:  equal.  The  only  possible  exception  is  No 
GS  trobab il itv  for  the  actuallv  observed  n 


ypcthesis  that  ail  regional  spill 

Texas,  v.hic: 
c£  stills 


In  assessing  the  significance  of  the  North  Texas  spill  rate, 
it  should  be  recalled  that  an  inordinate  number  of  spills  cf  un¬ 
known  location  (i.e.,  no  latitude  and  longitude  or  river  and  mile) 
were  located  in  Texas  in  1974-77.  As  pointed  out  in  Section  5.2, 
there  were  a  total  of  27  spills  of  10,000  gallons  or  more  in  the 
?IRS  file  for  which  the  location  is  given  only  as  in  the  state  of 
Texas.  Although  all  27  spills  are  classified  by  PIRS  as  inland,  it 
is  possible  that  a  large  fraction  of  them  occurred  in  the  North 
Texas  region  as  defined  in  this  report,  i.e.,  below  30°30'  latitude 
and  east  at  96=00'.  The  preponderance  of  Texas  refineries  are 
located  in  this  area.  If  only  one  third  fell  into  that  region,  for 
example,  then  the  observed  number  of  spills  would  be  45  instead  of 
34,  and  the  probability  would  be  .97  instead  of  0.08.  In  fact  it 
is  necessary  for  only  5  of  the  27  to  fall  within  the  region  to 
make  the  probability  of  observation  reach  .50. 


In  contrast  to  the  situation  in  the  North  Texas  region,  the 
other  three  regions  have  relatively  few  possible  additions  to  their 
spill  totals  from  the  list  of  PIRS  spills  with  only  a  state  loca¬ 
tion.  Louisiana  shows  4  such  spills,  and  Pennsylvania  and  New 
Jersey  only  2  each.  These  spills  cannot  significantly  alter  the 
observed  spill  numbers  in  the  Louisiana,  Delaware  Bay,  or  New  York 
regions . 

It  is  to  be  concluded,  then,  that  no  great  significance  can  be 
attached  to  the  .OS  probability  calculated  for  the  observed  North 
Texas  spills.  The  outcome  cf  significance  testing  on  the  gross 
spill  rates  for  the  four  regions,  then,  is  that  only  the  Hudson 
River  subregion  shows  a  significant  variation  from  the  other  regions 


5.2  VESSEL-RELATED  SPILLS  PER  MILLION  TONS 

Since  total  waterborne  oil  movement  should  influence  vessel- 
related  spills  more  directly  than  all  spills  within  a  region,  the 
regional  vessel -related  spill  rates  were  calculated.  These  are 
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shewn 


Table  5-5. 


Offs  h c  r 
exclude 
oil  r.cv 
column 


The  first  column  sho-ws  spills  from  tankers, 
and  marine  facilities  such  as  loading  and  unloading  areas, 
e  production  and  pipelines  as  veil  as  ail  onshore  spills  are 
d  (see  Table  5-1).  The  second  column  shows  total  waterborne 
ement  in  millions  of  tens,  as  given  in  Table  5-1.  The  third 
shows  spills  per  million  tons. 


It  is  apparent  once  again  that  the  Hudson  River  spill  rate  far 
exceeds  those  in  the  remainder  of  the  region.  The  high  overall 
spill  rate,  .264  spills/million  tons,  exhibited  for  the  Hudson 
River  in  Table  5-1  is  almost  equalled  by  the  vessel -related  spill 
rate,  .195  spills/million  tons,  for  the  Hudson  River  shown  in 
Table  5-5.  Therefore,  pending  its  subsequent  examination,  the 
Hudson  River  will  be  excluded  from  the  vessel-related  spill  data 
and  the  rates  examined  for  the  remainder. 


Table  5-4  shows  the  results  of  significance  tests  on  the  vessel- 
related  spill  rates  of  all  four  regions,  excluding  the  Hudson 
River.  It  is  in  the  same  format  as  Table  5-2,  for  all  spill  rates. 

It  is  seen  in  Table  5-4,  that  in  all  regions,  other  than  the 
Hudson  River,  the  observed  number  of  spills  is  not  a  rare  event  on 
the  hypothesis  that  all  regions  have  the  same  spill  rate.  Even  the 
addition  of  say,  251  of  the  27  non-specificallv  located  spills  in 
the  state  of  Texas,  to  the  North  Texas  Coast  observation,  would 
actually  increase  the  probability  of  the  observation  from  0.3S  to 
over  0.90.  Hence  it  is  not  possible  to  reject  the  hypothesis  of  a 
single  spill  rate  for  vessel -related  spills  any  mere  than  for  all 
spills,  when  the  Hudson  River  is  excluded. 


5.3  VESSEL-RELATED  SPILLS  PER  VESSEL  TRIP 

A  third  possibility  that  should  be  explored  is  that  of  a  dif¬ 
ference  of  spill  rates  employing  vessel  trips  as  the  exposure 
variable.  The  most  promising  exposure  variable  is  obviously  trips 
by  tankers  and  barges,  since  a  very  large  fraction  of  them  carry 
oil  exclusively.  These  trips  may  be  construed  as  the  variable 
underlying  the  vessel-related  oil  spills.  Table  5-5  shows  the 


co-;  :  ;  o z p 

»*T*  *  T  “N  \  •  "**  ^  *  •  ~  > 

-  :  w  b  , 

ILL  RATES,  157 

Vessel- 
Related 
Spills (1) 

Waterborne 
Oil  p'. 

Movement  K~J 

Vessel -Relate 
Spills  per 
Million  Tons 
Movement 

NEK  YORK 

Pert  cf  NY' 

14 

331 .  " 

.023 

LI  Sound 

3 

105.7 

.  02S 

Hudson  River 

14 

"1.9 

.193 

DELAWARE  BAY 

q 

415.4 

.  022 

LOUISIANA  COAST 

32 

1012.0 

.032 

NORTH  TEXAS 

16 

“36.6 

.022 

SS 

:sgi  .  3 

.  030 

M) 

*'See  Appendix  A. 
r  \ 

'“'Millions  c£  short  tons. 


Millions  of  tons,  in  t  lie  yours  1974  -77,  ns  i^ivon  in  Appendix 


TABLE  3*5. 

Y E  S  S  E  L -  RE L AT E D 

SPILLS  PER  TRIP, 

»  -* 

to 

1* 

i 

1 

Vessel  - 

Tanker 

Yes  sel -  Re! a 
Spills  pe 

Related 

and  Barge 

Thousand 

Spills 

Trips 

Tr  ips 

NEK  YORK 

Port  of  NY 

14 

591,825 

0.  0236 

LI  Sound 

3 

4  3 ,5  53 

0.0661 

Hudson  River 

14 

3S , 569 

0.3649 

DELAWARE  BAY 

0 

"3,035 

0.1200 

LOUISIANA  COAST 

3  2 

"49,142 

0.042" 

NORTH  TEXAS 

16 

462 ,593 

0.0346 

88  1,962,117  0.0448 


rates  for  the  four  regions, 
taken  from  Appendix  D,  while 
as  in  Table  5-5. 


The  barge  and  tanker  trip 
the  vessel-related  spills 


cat 

are 


the  same 


Once  again  the  spill  rate  for  the  Hudson  River  stands  out  well 
above  all  other  regions  or  sub-regions.  A  significance  test  using 
the  method  of  Appendix  F  shows  the  probability  of  observing  1- 
spills  in  the  Hudson  River,  given  a  total  of  S6  spills  and  the 
indicated  tanker  and  barge  trips,  is  less  than  1  in  10  There¬ 
fore  the  Hudson  River  data  will  be  reserved  for  later  examination, 
and  tests  performed  on  the  remaining  data.  The  results  are  shewn 
in  Table  5-6. 


From  Table  5-6,  it  is  seen  that  Delaware  Bay  shows  a  sig¬ 
nificantly  higher  number  of  vessel -related  spills  per  tanker  and 
barge  trip  than  do  the  other  regions.  The  data  show  a  total  of  9 
such  spills,  while  only  2.9  are  expected  on  the  basis  of  the 
region's  vessel  trips. 
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iimcli  ;is  or  more  Ilian  ilotis 
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Since  Delaware  Bay  does  not  show  a  high  spill  rate  when  total 
oil  tonnage  is  err.pl eyed  as  the  exposure  variable,  one  is  led  to 
explore  the  total  tonnage  per  barge  or  tanker  trip  for  the  four 
regions.  This  comparison  is  made  in  Table  5-7.  The  figures  vary 
from  a  lew  of  952  tons  per  trip  for  the  Port  of  New  York  subregion, 
to  a  high  of  5512  tons  per  trip  for  Delaware  Bay.  (It  will  be 
noticed  that  the  ratio  for  the  Hudson  River  subregion  is  not  sub¬ 
stantially  different  from  the  average.)  Delaware  Bay,  however, 
shows  almost  4  times  the  average  tons  per  trip,  while  none  of  the 
other  regions  or  subregions  deviates  by  more  than  60%  from  the 
average . 


i 
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OIL  TONNAGE  PER  TANKER  OR  BARGE  TRIP  IN  FOUR  REGIONS 


Region  or 

Subregion 

Oil 

Movement 

Tons/10^ 

Tanker  and 
Barge 
Trips/1 0-3 

Tons  per 
Trip 

NEW  YORK 

Port  of  NY 

5  51.” 

591.8 

c  *:  "*  ? 

LI  Sound 

105.7 

45.4 

2328.2 

Hudson  River 

71 . 9 

38.4 

1872.4 

DELAWARE  BAY 

413.4 

75.0 

5312 . 0 

LOUISIANA  COAST 

1012.0 

749.1 

1350.9 

N.  TEXAS  COAST 

756.6 

462.4 

1593.0 

’  2S91 . 3 

1,962.1 

1 ",  4  7  3  .  7 

It  was  estimated  in  Section  3  that  about  80%  of  barge  cargoes 
were  oil,  averaged  over  the  U.S.  Thus  if,  in  a  certain  region, 
100%  of  barge  cargoes  were  oil,  then  its  tons/barge  trip  figure 
would  increase  from  the  average  by  25%.  Similarly,  if  only  40% 
of  barge  cargoes  were  oil  in  a  certain  region,  then  its  tons/barge 
trip  figure  would  drop  by  50%.  The  corresponding  possible  range 
of  variation  for  tankers,  which  carry  oil  on  95%  of  their  laden 
trips,  on  the  average,  is  +5%  and  -5S%.  Therefore  the  *400% 


variation  from  the  average  seen  in  Delaware  Bay  cannot  be  due  to 
the  mix  of  oil  vs.  other  liquid  cargoes,  but  can  only  be  due  to  a 
substantially  larger  average  tanker  and  barge  cargo  in  Delaware 
Bay,  or  to  a  heavier  percentage  of  tanker  trips  vs.  barge  trips  in 
Delaware  Bay.  Neither  supposition  is  borne  cut  by  an  analysis  of 
trips  and  drafts  in  Delaware  Bay,  compared  to  other  port  regions.* 
It  seems  likely,  then,  that  there  are  substantial  inaccuracies  in 
the  barge  and  tanker  trips  data  employed  for  Delaware  Bay. 

Another  possibly  significant  deviation  from  the  mean  spill 
rate  is  observed  in  Table  5-6  under  the  Port  of  New  York  subregion. 
The  observation  probability  here  is  seen  to  be  .03,  employing  the 
test  method  of  Appendix  F  with  normal  approximation.  This  devia¬ 
tion  is  significant,  by  a  small  margin,  if  a  95 %  significance  level 
is  employed,  as  has  been  done  in  previous  tests.  IVhen  so  close  a 
margin  of  significance  is  involved  it  is  advisable  to  employ  an 
additional  test  for  corroboration.  This  may  be  done  by  hypothesiz¬ 
ing  a  uniform  spill  rate  of  .0385  spills  per  thousand  trips, 
obtained  from  the  total  number  of  vessel -relates  spills  (74)  and 
total  number  of  barge  and  tanker  trips  (1,913,  "00)  shown  in  Table 
5-6.  Thereupon,  the  expected  number  of  vessel -related  spills  in 
the  Port  of  New  York  is  22.8,  based  on  the  591,800  tanker  and  barge 
trips  for  the  sub-region  shown  in  Table  5-6.  The  actually  observed 
number  of  spills,  however,  is  only  14,  or  about  S  spills  less  than 
expected.  Assuming  a  Poisson  distribution  for  the  number  of  spills 
in  the  subregion  leads  to  the  conclusion  that  the  probability  is 
about  .07  that  an  observation  would  differ  from  the  expected  22. S 
by  as  much  as  9  spills,  i.e.,  be  as  low  as  14  or  as  high  as  32. 

This  approach,  then,  does  not  corroborate  the  results  of  the  pre¬ 
vious  one,  since  it  leads  to  only  93%  level  of  significance  instead 
of  a  97%  level.  The  deviation  of  spill  rate  in  the  Port  of  New 
York  subregion,  shown  in  Tables  5-5  and  3-6,  then,  can  be  con¬ 
sidered  of  only  marginal  significance. 


”The  average  self-propelled 
feet  in  the  Delaware  River 
Channels,  and  IS. 5  feet  in 
Orleans  and  the  Passes. 


tanker  draft  in  19“ 5  was  about  2". 9 
24.4  feet  in  New  York  Lower  Entrance 
the  Mississippi  River  between  New 
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5.4  OTHER  SPILL  RATES 

Several  possible  spill  rate  calculations  have  been  omitted 
because  they  offer  less  promise  of  insight  into  the  spill  process 
than  the  three  treated  above. 

One  spill  rate  calculation  not  performed  is  that  of  tanker 
spills  (or  barge  spills)  per  tanker  trip  (or  per  barge  trip). 

This  has  been  omitted  because  the  tanker-barge  indicator  in  PIRS 
has  been  found  to  be  unreliable,  both  in  this  and  other  studies 
(Reference  23).  Considering  the  relatively  small  number  of  tanker 
and  barge  spills  in  the  data  in  any  one  region,  a  rate  calculation 
for  tankers  cr  for  barges  is  subject  to  substantial  errors  if  the 
barge/tanker  breakout  is  not  accurate.  Any  result  would  be  sus¬ 
pect,  and  therefore  no  such  calculations  were  made. 

Another  possible  spill  rate  calculation  is  that  of  vessel- 
related  spills  per  vessel  trip,  rather  than  per  tanker  and  barge 
trip.  This  calculation  was  not  made  because  trips  of  all  vessels 
vary  substantially  from  port  to  port  and  do  not  bear  a  fixed 
relation  to  tanker  and  barge  trips.  Expanding  the  vessel  trips 
to  include  other  than  tankers  would  add  many  vessel  trips  (particu 
larly  ferries,  and  chemical  or  dry-cargo  vessels) that  bear  no 
relation  to  oil  spills.  For  this  reason  neither  gross  spills  per 
vessel  trip  nor  vessel-related  spills  per  vessel  trip  were 
calculated . 

Among  other  possible  spill  rates  not  here  investigated  are: 

crude  oil  spills  per  ton  of  crude  movement 

heavy  oil  spills  per  ton  of  heavy  oil  movement 

light  oil  spills  per  ton  of  light  oil  movement 

spills  per  ton  for  individual  years. 

5.5  ANALYSIS  OF  SPILL  RATES 

The  calculations  of  the  previous  subsections  show  that  the 
spill  rates  in  the  four  selected  regions  have  no  significant 
deviations  from  their  expected  values  with  one  major  exception, 


the  Hudson  River  subregion.  A  minor  exception  also  occurs  in  the 
vessel -related  spills  per  tanker  and  barge  trip  in  Delaware 
Bay . 

The  extraordinarily  high  spill  rates  calculated  for  the 
Hudson  River  in  19"4-~7  appear  in  three  cases: 

o  gross  spills  per  million  ton  of  oil  movement 

o  vessel-related  spills  per  million  tons  of  oil  movement 

c  vessel-related  spills  per  thousand  barge  and  tanker 
trips . 

3efore  concluding  that  the  Hudson  River  subregion  does,  indeed, 
have  a  higher  than  normal  number  of  spills,  two  other  explanations 
must  be  explored: 

a.  Under-reporting  of  the  exposure. 

b.  Over-reporting  of  the  spills. 

5.3.1  Under-reporting  of  Exposure 

The  two  exposure  variables  involved  are  gross  oil  movement 
tonnage  and  tanker  plus  barge  trips.  The  ACOE  reporting  of  trips 
and  of  tons  for  domestic  movements  is  done  through  the  same 
mechanism,  i.e.,  a  single  form.  If  both  the  trips  and  total  ton¬ 
nage  were  under-reported  then  this  under-reporting  probably  occurred 
at  the  source,  rather  than  in  the  compilation  of  statistics, 
because  the  spill  rates  derived  from  both  variables  are  high.  This 
possibility  cannot  be  excluded  because  no  alternate  information 
source  exists  that  may  be  used  to  verify  the  ACOE  data. 

A  plot  of  Hudson  River  oil  tonnage  as  reported  by  the  ACOE 
by  year  is  shown  in  Figure  5-1.  If  these  data  are  under-reported, 
then  the  omissions  must  be  consistent  for  each  of  the  four  years, 
particularly  in  the  case  of  foreign  and  coastal  light  and  internal 
heavy,  which  show  little  variation  from  year  to  year.  Also,  the 
crude  movements  are  probably  accurate  because  of  the  lack  of 
refineries  of  any  sice  in  the  Hudson  valley.  In  short,  if  the 
spill  rate  anomalies  for  the  Hudson  River  are  due  to  under-reporting 
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of  oil  never. er.t 


,  then  there 


under- report ing  at  the  data 
“7.  Although  it  cannot  be 
considered  unlikely. 


would  have  to  have  been  a  systemat 
origination  point  over  the  years  1 
excluded  such  a  systematic  error  is 


ic 


3.3.2  Cver -reporting  of  Spills 

Over-reporting  of  spills  could  occur  if  fewer  spills  in  the 
Hudson  River  subregion  vent  unreported  than  in  the  other  regions 
or  subregions.  The  following  tabulation  (Table  5-S)  shows  the 
estimated  unreported  spill  percentages,  based  on  FIRS  and  NRC 
reports  from  August  1974  through  December  1S77.  The  Hudson  River 
does,  indeed,  have  a  low  percent  of  unrecorded  spills.  In  obtain¬ 
ing  these  percentages,  the  FIRS  spills  that  bore  no  specific 
location  other  than  the  state  were  allowed  for.  One-third  of  the 
inland  spills  located  by  state  and  occurring  from  August  1S74  to 
December  1977,  were  assigned  to  the  nearest  region.  This  gave  6.0 
additional  spills  to  the  North  Texas  Coast,  1.3  to  the  Louisiana 
Coast,  1.0  to  Delaware  Bay,  and  0.3  to  New  York.  Since  none  of 
these  spills  involved  vessels  or  marine  facilities,  no  assign¬ 
ments  were  made  for  vessel -related  spills.  The  percent  unreported 
was  calculated  as 


X-Y/Z 

- 

(X  * 

Y  - 

1  j  .  mp 

where  1 

C  is  the  total  of  PIRS 

X  •  Y 

sp  i 

)z 

11s, 

i  uu 

Y  is  the  total 

and  Z  is  the  number  reported  by  both. 


NRC  spills, 


In  the  next  calculation  (Table  3-9)  the  reporting  factor 
was  applied  to  total  reported  spills,  including  YCF  spills,  to 
obtain  the  total  estimated  spills  in  all  regions  and  subregions  in 
1974-1977.  One  third  of  the  PIRS  spills  recorded  by  state  only 
were  assigned,  as  before,  to  the  corresponding  regions  in  order  to 
obtain  the  estimate  of  total  reported  spills.  This  estimate  was 
then  multiplied  by  100/percent  reported  to  obtain  the  total 
spill  estimate.  The  spill  rates  obtained  from  the  estimated  total 
spills  (Table  5-10),  however,  still  show  that  the  Hudson  River 


TABLE  5-S.  E 
DECEMBER  15 "7 

ST I MATED 

PERCENT  UNREPOR 

TED  SPIL 

T  s 

AUGUST  1974  - 

FIRS 

PIRS 
,  State 

Cnly(-) 

NRC 

Both 

Unreported 

Percent 

ALL  SPILLS 

Port  of  NY 

23 

0.3 

14 

7 

33% 

LI  Sound 

3 

0.0 

2 

i 

33 

Hudson  River 

13 

0.0 

4 

0 

Delware  Bay 

13 

1.0 

6 

3 

39 

Louisiana  Coast 

42 

1 .  3 

32 

IS 

26 

X.  Texas  Coast 

20 

6.0 

13 

10 

14 

VESSEL -RELATED 

SPILLS 

Port  of  NY 

9 

0.0 

5 

3 

27% 

LI  Sound 

1 

0.0 

1 

1 

0 

Hudson  River 

11 

0.0. 

4 

4 

0 

Delaware  Bay 

6 

C.  0 

3 

3 

0 

Louisiana  Coast 

IS 

0 . 0 

16 

10 

i  ~ 

N.  Texas  Coast 

10 

0.0 

S 

/ 

4 

^ ^ -  P IRS  stills  with  specific  location  in  the  region  from  Aooendix 
A. 

r  ->  'j 

^”;PIRS  spills  without  specific  location,  allocated  1/3  to  adjacent 
region . 

^Estimated  unreported  spills  as  percent  of  total  of  reported 
and  unreported. 


TABLE  5-9. 

TOTAL  EST 

I  MATED 

SPILLS,  ALL 

REG I CXS 

FIRS 

and 

XRC C 1 J 

YCF 

only 

PIRS, 

State  only 

Total 

Reocrti 

ALL  SPILLS 

Port  of  NY 

36 

2 

0 . 3 

38.3 

LI  Sound 

6 

0 

0.0 

6.0 

Hudson  River 

19 

0 

0.0 

19.0 

Delaware  Bay 

21 

1 

1.0 

23.0 

Louisiana  Coast 

63 

3 

1.3 

69.3 

X .  Texas  Coast 

32 

2 

9.0 

4  3.0 

VESSEL-RELATED 

SPILLS 

Port  of  NY 

12 

2 

0.0 

14.0 

LI  Sound 

3 

0 

0.0 

3 . 0 

Hudson  River 

14 

0 

0.0 

14.0 

Delaware  Bay 

S 

1 

0.0 

9.0 

Louisiana  Coast 

o  - 

3 

0.0 

32.0 

X .  Texas  Coast 

14 

2 

0.0 

16.0 

(1) 


See  Tables 


Cl*  o  , 


•5*3, 


and  3  -  6 . 


1 


Estimated 

Still 

Spills 

Exposure 

Rate 

SPILLS  PER  MILLION  TONS 


Port  of  NY 

S  8 . 9 

551.7 

0.107 

LI  Sound 

9.0  ' 

105.7 

0.085 

Hudson  River 

19.0 

71.9 

0.264 

Delaware  Bay 

37.1 

413.4 

0.090 

Louisiana  Coast 

93.6 

1012.0 

0.  C92 

N.  Texas  Coast 

30.0 

736.6 

0.068 

26". 6 

2S91 .  3 

0.093 

VESSEL- RELATED  SPILLS 

PER  MILLION  TO: 

;s 

Port  of  NY 

19.2 

351 .  7 

0.035 

LI  Sound 

3.0 

103.7 

0.028 

Hudson  River 

14.0 

71.9 

0.195 

Delaware  Bay 

9.0 

413.4 

0.022 

Louisiana  Coast 

38.6 

1012.0 

0.038 

N.  Texas  Coast 

16.7 

"36.6 

0.02  3 

10C.  3 

2S91 . 3 

G .  03  5 

VESSEL-RELATED  SPILLS 

PER  103  TANKER 

AND  3ARGE 

TRIPS 

Port  of  NY 

19.2 

591.0 

0.032 

LI  Sound 

3 . 0 

45.4 

0.066 

Hudson  River 

14  .  0 

3S .  4 

0.363 

Delaware  Bay 

9.0 

7  5.0 

0.120 

Louisiana  Coast 

3S  .  6 

749.1 

0.032 

N.  Texas  Coast 

16.  ‘ 

462 . 4 

0.036 

ICO.  5 

1962.1 

0.051 

SS 


has  much  higher  spill  rates  than  the  other  regions.  Moreover, 
it  arrears  that  the  North  Texas  Coast  shows  not i c eab 1 v  lower  sriil 


■ates . 


The  significance  of  the  spill  rates  of  Table  3-10  is  cal¬ 
culated  in  Table  5-11.  The  following  results  emerge: 

n 

a.  The  Hudson  River  has  a  significantly  higher  spill  rate 
than  other  regions  or  sub-regions,  even  when  unrecorded 
spills  are  allowed  for.  The  significance  levels  for  all 
three  spill  rates  are  above  99.91. 


b.  The  North  Texas  Coast  shows  a  probability  of  .01  for  the 
estimated  spills  in  that  region.  This  estimate  (30 
spills],  however,  includes  a  somewhat  arbitrary  assign¬ 
ment  of  one  third  of  the  PIRS  spills  located  only  by 
state . 


c.  Delaware  Bay  shows  significantly  more  vessel-related 
spills  than  other  regions,  based  on  tanker  and  barge 
trips.  But  for  the  reasons  outlined  in  3.5.1,  the 
Delaware  Bay  trip  data  for  barges  and  tankers  probably 
explain  this  phenomenon. 


Of  the  three  anomalies  above,  only  that  of  the  Hudson  River 
indicates  without  doubt  an  aberration  in  spills  per  million  tons 
of  oil  movement  or  per  thousand  tanker  and  barge  trips.  Accord¬ 
ingly,  the  causes  of  these  high  spill  rates  will  be  analysed  next 


3.6  HUDSON  RIVER  SPILLS 

Since  neither  under-reporting  of  exposure  nor  over-reporting 
of  spills  is  a  likely  explanation  of  the  high  spill  rate  for 
the  Hudson  River,  one  is  led  to  analyte  the  spills  themselves. 

The  breakdown  of  Hudson  River  spills  over  10,000  gallons  from 
19T4  to  1977,  as  extracted  from  Appendix  A,  is  shown  in  Table 
5-12. 

It  appears  that  groundings  and  marine  facilities  account  for 
an  inordinate  percentage  of  spills  in  the  Hudson  River.  Accord¬ 
ingly,  a  comparison  of  rates  for  groundings,  collisions  (including 
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Collisions 


leather 


'-'See  Appendix  A  xor  list  or  spills, 
includes  rammings . 


rankings)  and  marine  facility  spills  was  made  between  all  regions 
and  the  Hudson  River.  The  results  are  summarised  in  Table  5-13, 
given  as  absolute  number  of  spills  in  74-77/spills  per  million  tons 
in  "4-77. 

The  six  groundings  shown  in  Tabie  5-13  for  the  Hudson  River 
subregion  are  significantly  higher  than  can  be  expected  on  the 
basis  of  the  .006  groundings  'million  tons  shown  in  that  table  for 
all  regions  together.  The  probability  fo:  six  groundings  in  the 
Hudson  River,  giver,  the  average  rate  for  all  regions,  is  well  under 
1  in  1010.  Similarly,  the  probability  of  six  marine  facility 
spills  in  the  Hudson  River  subregion  is  also  under  1  in  10^, 
given  the  average  rate  for  all  regions.  These  significance  levels 
leave  little  doubt  that  there  was  a  significantly  higher  rate  of 
groundings  and  marine  facility  spills  in  the  Hudson  River  subregion 
than  in  the  other  regions. 
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"ABLE  5-13.  COMPARISON  C?  GROUNDINGS,  COL 
-ACUITY  SPILLS  IN  HUDSON  RIVER  V.'ITH  C7HE? 


.LISTONS  AND  MARIN 
1  REGIONS  C- ) 


iarir.e 


Groundings 

Collisions 

-  3  r  i  1  -.  *■  i  a  q 

Hudson  River 

6/. 083 

1/.014 

6  /  .  0  S  5 

New  York,  exclusive 
of  Hudson  River 

7/. 011 

3/ . 006 

2/. 003 

Delaware  Bay 

1/.002 

3/. 007 

2/. 003 

Louisiana  Coast 

4 / . 0  04 

IS/ . 017 

0/ . 000 

N.  Texas  Coast 

O 

o 

o 

•/ . 009 

2  /  .  0  0  3 

Total 

IS/. 006 

32/. 011 

12/. 004 

The  first  number  given  is  the  number  of  spills,  as  extracted 
from  Appendix  A,  and  the  second  number  gives  the  spills,  per 
million  tons  of  oil  movement,  1974-77. 


Grounding 


The  Commercial  Vessel  Casualty  File  was  reviewed  for  ground¬ 
ings  and  other  vessel  casualties  occurring  in  the  Hudson  River 
from  1974  through  1977,  in  order  to  determine  the  principal  factors 
in  these  incidents.  A  synopsis  of  the  eight  casualties,  taken 
from  the  Third  District  Marine  Safety  Office  reports  follows: 

a.  Barge  HY GRADE  NO.  31,  grounding  at  the  Maue  Oil  Terminal, 
Ossining,  January  11,  1974.  "The  proximate  cause  of  the  casualty 
was  that  heavy  ice  conditions  delayed  the  barge's  arrival  at 

the  terminal  and  subsequent  discharging,  so  that  at  0130,  the 
barge's  draught  exceeded  the  depth  of  the  water  at  the  terminal 
due  to  the  falling  tide,  thus  resulting  in  the  barge  sitting 
on  the  bottom  and  puncturing  one  of  the  cargo  tanks." 

b.  3arge  HYGRADE  NO.  2,  grounding  off  Magdelan  Island,  cr.  July  19, 
1974.  The  proximate  cause  of  the  casualty  was  an  error  in 
judgment  on  the  part  cf  the  mate  on  watch,  in  that  he  relied 


t  r.e  ve:ie; 


0K 


r.eavily  cn  the  use  or  racar  as  his  means  cf  navigation  in 
heavy  rain  and  fog,  which  resulted  in  straying  cut  cf  the 
channel  and  grounding. 

Barge  B  .NO.  75,  grounded  cn  Diamond  Reef,  New  Ham  urg ,  Xcvembe: 
15,  19~4.  "The  proximate  cause  of  the  casualty  was  negligence 
on  the  part  of  the  mate  on  watch  in  that  he  failed  to  allow 
sufficient  distance  between  his  tow  and  Diamond  Reef  Lighted 
Buoy  LLN  1839." 

Barge  NEW  LONDON,  grounding  near  Con  Hock  Island,  on  February 
3,  13“4.  "At  approximately  0130,  as  the  operator  was  unable 
to  ascertain  his  position  using  radar,  and  searchlight  due  to 
the  icing  over  the  shoreline,  icing  over  of  navigational  aids, 
and  snow  storm  conditions,  the  tow  went  inside  of  the  loca¬ 
tion  of  Buoy  -21  (LLNR  1S70)  and  touched  bottom." 

Tanker  COLORADO,  striking  of  unknown  underwater  object  near 
Athens,  March  29,  1975.  Hole  in  Number  2  Port  Tank  noticed 
after  reaching  Mobile,  AL . 

Barge  DELAWARE,  struck  Tappan  Zee  Bridge,  cn  December  51,  1  9  75. 
The  tug  barge  struck  the  west  pier  of  the  west  pass  at  about 
0 “ C 5  while  under  tow.  Visibility  was  reduced  to  less  than  one- 
quarter  mile  by  fog. 

Barge  ETHYL  H.  grounded  and  sunk  about  500  yards  south  cf 
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a 

great  deal  cf  ice  return  and  the 

was 
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he 

operator  was  not  using  the  radar. 

Barge  B.F.T.  NO.  50,  ice  damage  near  Stuyvesant  on  January  11, 
1977.  "The  proximate  cause  of  the  casualty  was  extreme  cold 
and  ice  conditions  in  the  Hudson  River  which  resulted  in  the 
cracking  cf  the  hull  of  the  T/B  B.F.T.  NO.  50.  Ice  in  the 
Hudson  River  in  this  area  ranged  from  1.5  to  2.5  ft." 


\ 
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The  major  factors 

that  appear  f 

rom  thes 

e  incidents  are  that 

(1)  They  predominantly  involve 

barges 

rather  than  tankers  . 

proportion  of  barge 

incidents  (7 

out  of 

S)  is  not  surprising, 

e  about  SOri  of  tank 

vessel  trips 

in  the 

Hudson  are  by  barges. 

(See  Appendix  D) . 

(2)  Weather  was  a  factor  in  six  of  the  eight  incidents.  It 
may  be  described  as  the  major  factor  in  two  of  the  incidents 
(1.,  6.)  and  appears  to  have  been  the  only  factor  in  two  others 
(4.  and  S.).  The  other  major  factor  was  piloting  error.  A 
breakdown  (somewhat  subjective)  follows: 


Incident  # 


Weather 


Piloting  Other 


1 

2 

3 

4 

5 

6 
/ 
8 


✓  / 
/  / 

/ 

/ 


/ 

/ 


Marine  Facility 
Spills 

The  six  marine  facility  spills  in  the  Hudson  River  subregion 
could  not  be  investigated  in  any  detail.  None  of  these  spills 
involved  casualties,  and  hence  had  no  casualty  report;  only  cr.e 
was  recorded  in  the  NRC  files.  The  only  information  obtained  for 
the  remaining  five  was  that  of  the  PIRS  files.  The  PIRS  data 
contain  no  narrative  report.  The  PIP.S  spill  source  and  cause/ 
factor  codes,  however,  were  as  follows; 
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TT 


icice: 


4 

5 

6 


Source 

101 

101 

101 

101 

101 

101 


Cause/Factor 

Tank  overflow/Inproper  valve  operation 

Natural  or  chronic  phenomenon/ Leaching 
from  saturated  ground 

Valve  Failure/PE-overpressuri ca- 
t  ion 

Tank  rupture  or  leak/PE-over- 
pressurication . 

Improper  equipment  handling  or  operation 
Improper  valve  operation 

Tank  overflow/Imprcper  valve  operation. 


The  101  source  code  indicates  onshore  bulk  cargo  transfer  at 
a  marine  facility.  Four  of  the  six  incidents  occurred  in  port  or 
harbor  areas;  one  occurred  in  a  river  or  channel  or  other  re¬ 
stricted  navigable  waterway;  and  one  occurred  on  a  beach  or  shore 
•adjoining  a  navigable  waterway  or  tributary  to  navigable  water . 

The  8-digit  source  identifiers  associated  with  the  above 
incidents  indicate  that  only  three  of  the  spills  (1,  4  and  6) 
occurred  during  a  transfer  operation.  It  is  not  recorded  whether 
a  vessel  was  involved  in  the  transfers.  It  may  be  conjectured 
that  such  was  the  case  in  spills  1  and  6,  but  probably  not  in  4. 

Unlike  the  vessel  incidents,  it  is  difficult  to  select  a  pre¬ 
dominant  cause  or  pattern  to  the  marine  facility  incidents.  If 
any  single  cause  is  prevalent  it  is  that  of  improper  valve  opera¬ 
tion,  which  was  cited  as  a  factor  in  three  of  the  six  cases,  and 
in  both  (possibly)  vessel  -  related  cases. 
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6.  SUMMARY  OF  RESULTS 


The  results  of  this  investigation  have  been  developed  from  a 
data  'case  of  about  200  spills  over  10,000  gallons  in  the  period 
January  1S"4  through  December  1977,  (Appendix  A).  The  data  were 
extracted  from  the  Pollution  Incident  Reporting  System  (PIRS) ,  the 
National  Response  Center  (NRC)  files,  and  the  Commercial  Vessel 
Casualty  File  (VCF) .  In  putting  together  this  data  base  and  in 
analyzing  it,  the  following  major  results  emerged: 

a.  Some  spills  are  recorded  in  PIRS  but  not  NRC,  and  vice- 
versa.  From  this,  and  certain  assumptions  on  sampling, 
(Section  5)  it  is  estimated  that  at  least  15%  and 
probably  about  25%  of  all  spills  in  1 ? T 4 -  ~ 7  went  unrecorded 
by  either  PIRS  or  NRC.  The  percentages  for  vessel- 
related  spills  are  about  half  of  these.  Pooling  the 

PIRS  and  NRC  data  recording  mechanisms  would  not  increase 
the  percent  of  spills  recorded  and  would  make  it  more 
difficult  to  estimate  that  percentage. 

b.  All  four  regions  studied  (New  York,  Delaware  Bay, 

Louisiana  Coast,  North  Texas  Coast)  had  approximately 
the  same  number  of  spills  per  million  tons  of  oil  move¬ 
ment,  with  the  exception  of  the  Hudson  River  subregion  of 
New  York. 

c.  All  four  regions  exhibited  similar  numbers  of  vessel  - 
related  spills  per  million  tons  of  oil  movement,  with 
the  exception  of  the  Hudson  River  subregion. 

d .  When  vessel -related  spills  per  thousand  tanker  and  barge 
trips  were  computed,  it  was  found  that  only  Delaware  Bay 
and  the  Hudson  River  subregion  have  significantly  dif¬ 
ferent  spill  rates  from  the  other  regions.  There  is 
reason  to  believe,  however,  that  the  vessel  trip  data 
employed  for  Delaware  Bay  have  substantial  inaccuracies. 


6  5 


e.  An  apparently  lev;  spill  rate  £cr  the  North  Texas  Coast 
region  can  net  be  attributed  any  statistical  significance 
because  of  the  large  number  (2")  c £  spills  recorded  in 
PIRS  only  by  state  (Texas,  in  this  case),  many  of  which 
could  have  occurred  in  the  North  Texas  Coast  region. 

f.  The  high  spill  rates,  of  ail  three  types  tested,  shown  by 
the  Hudson  River  subregion  cannot  be  easily  explained  by 
either  under-reporting  of  spills  in  the  other  regions 

(in  so  far  as  that  could  be  estimated)  or  by  under¬ 
reporting  of  the  exposure  variables. 

1  •  The  high  spill  rates  in  the  Hudson  River  are  largely  due 
to  (1)  groundings  cf  barges  and  (2)  marine  facility 
spills.  The  groundings  and  ether  vessel  casualties  were 
traced  primarily  to  weather  conditions  (ice  and  fog)  but 
no  explanation  could  be  found  for  the  marine  facility 
spills,  except  (perhaps)  faulty  valve  operation. 
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OIL  SPILLS  or  10000  gallons  or  more 
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LIST  OF  ABBREVIATION'S 


BARG  =  BA.RGE 

3K  =  BULK 
BLG  =  BILGE 

BLO  =  BLOW  (IN  BLOWOUT) 

CG  (CRG)  =  CARGO 

CO  =  COLLISN  -  COLLISION 

CDH  3  DISCHARGE 
CG  =  DMGE  =  DAMAGE 
DIK  =  DIKE  (DYKE) 

EQP  =  EQUIPMENT 
EXP  =  EXPLOSION 

FCLY  =  FY  =  FACILITY 

FD  =  FIXED 

FIR  =  FIRE 

FL  ”  FLOATING 

FLN  -  FLNG  *  FLANGE 

FLR  -  FAILURE 

FLT  =  FAULT 

FUNG  -  FUELLING 

FY  -  FCLY  =  FACILITY 
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GSK  =  GASKET 


HBR  =  RAR30R 

HLL  =  HULL 
HOS  -  HOSE 
HivY  =  HIGHWAY 
IMP  =  IMPROPER 
INI  =  INTENTIONAL 
LDG  ARM  =  LOADING  ARM 
LEACHING  =  LEACHING 
LK  =  LEK  =  LEAK 

LQ  =  LIQUID 

MAT  =  MATERIAL 

MD  =  MOORED 

MFD  -  MANIFOLD 

MIS  =  MISCELLANEOUS 

MTN  =  MAINTENANCE 


NATURL  =  NATURAL 


OB  =  OBJEC' 


OC  =  OCEANOGRAPHIC 
OFL  =  OVERFLOW 
OFS  *  OFFSHORE 
ONS  *  ONSHORE 
OPN  =  OPERATION 

OVER7RN  =  0VERTRN 
OVP.  =  OVER 

PIP  *  PIPE 
PLNT  =  PLANT 
PM?  «  PUMP 

PPL  =  PPLN  =  PIPELINE 
PR  =  PRODUCTION 
PRS  *  PRESSURIZATION 

RES  =  RESEARCH 
R?T  =  RUPTURE 
RWY  =  RAILWAY 

SAB  =  SABOTGE  =  SABOTAGE 
SDG  =  SOUNDING 
SM  =  SUBMERGED 
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SRCE  =  SOURCE 


ST  =  STRG  =  STORAGE 
STR  *  STRUCTURAL 


TK  =  TNK  =  TANK 


TR  =  TRFR  =  TRANSFER 
TRMNL  =  TERMINAL 


VAN  *  VANDALISM 
VL  =  VSL  =  VESSEL 
VLV  =  VLVE  =  VALVE 


WR  =  WEATHER 


XSV  =  E 


XCESSIVE 


ESTIMATION  OF 


THE  NUMBER  OF  OIL  SPILLS  WITH  INFORMATION 
FROM  TWO  SOURCES 

If  1,000  tagged  trout  are  released  into  a  lake  in  the 
spring,  then  the  total  trout  population  of  the  lake  may¬ 
be  estimated  by  noting  the  fraction  of  tagged  trout  among 
all  trout  caught  during  the  ensuing  weeks.  See  Figure  3-1. 

If,  say,  5%  of  the  specimens  caught  bear  tags,  then  the 
population  of  trout  may  be  estimated  as  approximately  20,000. 
This  technique  is  subject  to  obvious  errors,  produced  by  such 
conditions  as  (11  unknown  changes  in  the  trout  population, 
and  (2)  a  non-representative  sample  being  caught. 

A  modification  of  .this  technique  may  be  used  to  estimate 
the  true  number  of  actual  oil  spills  occurring  over  a  period 
of  time  from  the  number  reported  through  the  USCG  Pollution 
Incident  Reporting  System  (PIRS)  and  through  the  National 
Response  Center  (NRC) .  Since  the  spills  recorded  by  these 
two  sources  in  1974-77  have  only  a  partial  overlap,  the  true 
number  of  spills  must  be  greater  than  reported  by  either.  It 
can  be  estimated  by  applying  elementary  probability  theory  to 
some  plausible  assumptions,  to  be  stated  in  what  follows.  As 
in  the  case  of  game  population  estimation,  the  method  is  subject 
to  obvious  qualifications. 

CASE  I,  INDEPENDENT  REPORTING 

In  the  first  case,  it  will  be  assumed  that  the  two 
sources  report  randomly  and  independently.  The  probability 


that  the  first  source  records  a  spill,  given  that  one  has 


occurred,  is  assumed  to  be  a  constant  P^.  Similarly,  the 
probability  that  the  second  source  records  a  spill,  given 
that  one  has  occurred,  is  assumed  to  be  a  constant,  P7.  If 
a  total  of  -N  spills  occur,  then  the  number  recorded  by  the 
first  source  will  be  N^,  and  that  by  the  second  will  be 

N-L  =  PXN,  (B- 1) 

N2  =  P2N;  (3-2) 

and  the  number  recorded  bv  both  will  be  N„ : 

'  o 


N-  =  P,  P7N • 
o  12 


(B-  3) 

This  last  equation  depends  upon  the  assumption  of  independent 
recording . 

From  (1),  (2)  and  (3),  one  may  estimate  the  probabilities 
P^  and  P7, 


P1  =  N3/N2 
p  2  =  N./N’i 

and  the  total  number  of  spills  that  occurred,  X,  as 


CB-4) 

(3-5) 


N  =  X1X2/X3.  (3-5) 

CASE  2,  XOX- INDEPENDENT  REPORTING 

If  the  reporting  sources  influence  one  another  then 
the  above  analysis  does  not  apply.  Moreover,  the  problem 
cannot  be  solved  with  only  the  data  N.  ,  X"  and  X_  as  above; 
its  solution  depends  on  additional  parameters  which  often  are 
more  difficult  to  obtain. 


Five  mutually  exclusive  events  can  occur,  if  an  oil  spill 
is  recorded: 

A:  Source  1  records  the  spill,  and  source  2  does  not 

B:  Source  2  records  the  spill,  and  source  1  does  not 

C:  Source  1  records  the  spill,  and  source  2  obtains 

its  record  from  source  1 

D:  Source  2  records  the  spill,  and  source  1  obtains 

its  record  from  source  2 

E:  Both  sources  record  the  spill  independently. 


The  number  of  spills  recorded  by  source  1  is  calculated 
in  terms  of  these  events  as: 


Nx  =  N  P (A+C+E+D) 

=  N  P (A+C+E)  +  N  P(D) 


'  X  P1  *  N  P1/2P2 


CB-7) 


where  P(X+Y)  indicates  the  probability  of  events  X  or  Y; 

P^  and  are  t^ie  probabilities  of  independent  recording 
introduced  before;  P]_/2  t^ie  probability  that  source  1 
obtains  its  record  from  source  2,  given  that  source  2  has 
obtained  its  data  independently;  and  X  is  the  total  number 
of  spills  that  occur.  Similarly,  the  number  of  spills 
recorded  by  source  2  is: 

N2  =  N  P2  +  N  P2/1Plf  (B-8) 

where  ?2/i  t^e  probability  that  source  2  obtains  its 
record  from  source  1,  given  that  source  1  has  obtained  its 
record  independently.  Finally,  that  number  of  spills  that 
are  contained  in  the  records  of'both  sources  is  N.: 


(B-S). 


rr 
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X.  =  X  ? (OE  +  D) 


=  X  P(C)  +  X  P  (E)  +  X  PCD) 

=  N  P 2 / 1 P 1  +  N  P1P2  +  X  P 1  / 2 ? 2  (B-S). 

It  will  be  noticed  that  equations  (7) ,  (8)  and  (9)  reduce 
to  (1),  (2)  and  (3)  when  an^'^2/l  are  2ero*  These  two 

new  probabilities  are  difficult  to  determine,  and  inject  a  degree 
of  uncertainty  into  the  estimates  of  P^  and  P,,  and  X.  Nevertheless, 
the  following  expressions  for  P^,  P7  and  X,  having  P^.,  and  ^2/1 
as  parameters,  will  prove  useful. 


P1  = 

Xl/N£  » 

(3-10) 

P2  " 

Ni/N{  , 

(B - 11) 

N  = 

N  i  /  N  2  /  N  3  , 

(B-12) 

where 

xi  * 

(N1  '  P 1  /  2 N  2 

/  (1*  ?i/ 2 P 2 / 1 ) » 

N' 

N  2  - 

^N2  ‘  P2/1NV 

/  C1-p1/2p2/i^ 

N3  ’ 

X3  -  P1/2N2  ' 

P  2  / 1 N  i  • 

Again , 

one  notices  that 

these  equation 

s  r educe  to  the 

previous 

ones  when  P^7  and  P7^  are  zero.  If  one  assumes,  for  simplicity, 
that  P]_/2  =  ^?/i  =  T  u'^ere  "  is  a  constant  that  will  be  termed  the 
transfer  probability,  then  it  is  possible  to  calculate,  as  a 
function  of  t  the  probabilities  P^  and  P,  of  independent  recording, 
and  also  the  probability  P.  that  a  spill  will  be  recorded  by  either 
collection  agency,  i.e., 


?3  =  Px  +  P2  -  P1PV  (B - 13) 


The  results  of  these  calculations  are  shown  in  Table  B-l. 


The  results  are  there  tabulai_ed  as  a  function  of  r,  of  the 


ratio  N^/N?,  and  of  the  ratio  X, 


x  -  V(Vx2-x3), 

which  is  the  fraction  of  reported  spills  that  appear  in  the 


records  of  both  sources.  The  quantity  of  ultimate  interest, 


however,  is  P_,  the  fraction  of' all  spills  that  are  recorded 


in  either  source.  This  fraction  is  plotted  in  Figure  3-2  as 


a  function  of  the  transfer  probability  T  (  =  ?i/ 2  =  ??/l'1  ’  ~**e 


overlap  fraction  A  as  a  parameter.  The  revealing  aspect  of 


these  curves  is  that  the  recording  probability  decreases  as 


the  transfer  probability  increases,  for  a  given  fractional 


overlap.  Moreover,  the  transfer  probability  can  never  exceed 


the  overlap  fraction.  These  limits  on  the  transfer  probability 


are  seen  in  Figure  B-2  as  the  points  on  the  horizontal  axis  at 


which  the  recording  probability  goes  to  zero. 


QUALIFICATIONS 


The  qualifications  on  trout  population  estimation  apply 


to  oil  spills  as  well. 


First,  there  is  the  assumption  that  one  is  dealing  with 


a  stable  spill  process.  This  is  not  a  serious  qualification 


if  the  estimates  are  taken  to  apply  only  to  the  time  interval 


during  which  the  reporting  and  spill  processes  actually  occurred, 


Extrapolating  to  years  following,  or  prior  to,  those  for  which 


the  data  are  available  can  lead  to  obvious  inaccuracies 


ft 


TABLE  E - 1 .  INDEPENDENT  AND  COMBINED  RECORDING  PROBABILITIES 


A 

T 

P1 

p  2 

P- 

N1/N2  -1.0 

.0 

.0 

.000 

.000 

.  000 

.1 

.0 

.182 

.  182 

.  331 

.1 

.000 

.  000 

.000 

.  3 

.  0 

.462 

.462 

.  710 

.  1 

.30  8 

.  30S 

.521 

.  2 

.154 

.154 

.  284 

.  3 

.000 

.  000 

.000 

.  5 

.  0 

.667 

.  667 

.889 

.  1 

.553 

.5  53 

.782 

.2 

.400 

.400 

.  640 

.  3 

.267 

.267 

.462 

.4 

.133 

.133 

.  249 

.  3  . 

.  000 

.000 

.  000 

.  7 

.  0 

.824 

.824 

.969 

.  1 

.  706 

.  706 

.  913 

•> 

•  L 

.588 

.  5  S  8 

.850 

.  3 

.471 

.471 

.720 

.4 

.353 

.353 

.  581 

.5 

.235 

.  235 

.  415 

.6 

.118 

.  118 

.221 

.  7 

.  000 

.  000 

.000 

.9 

.0 

.947 

.  947 

.  997 

.  1 

.  842 

.  S  4  2 

.975 

#  2 

.7  37 

.737 

.  931 

.  5 

.  632 

.  632 

.  S64 

.  4 

.526 

.526 

.776 

.  5 

.421 

.421 

.66  5 

.  6 

.  316 

.316 

.532 

.  7 

.  211 

.211 

.377 

.  8 

.105 

.105 

.199 

.  9 

.000 

.  000 

.  000 

Nj/N^  =  1.4 

.0 

.0 

.000 

.  000 

.  000 

.  1 

.0 

.  21 S 

.156 

.341 

.1 

.000 

.000 

.  000 
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TABLE  E-l.  (CONCLUDED) 


XD : 

Given  that  a 

spill 

ha 

s  occurred 

> 

o 

*  1 

=  probability 

spill 

is 

recorded 

independently 

by  source 

P2 

=  probability 

spill 

is 

recorded 

independently 

by  source 

P. 

0 

=  probability 

spill 

is 

recorded 

by  either  source, 

- 

=  probability 

one  source  obtains 

spill  record 

from 

the  other  source, 


and 

X  =  fraction  of  all  recorded  spills  that  appear  in  both 
sources . 
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TRANSPliR  PROBABILITY 

PROBABILITY  PS  OI-*  A  SPILL  BLIMO  RP.CORM.I)  VS.  TRANSPI.R  PROBABILITY, 


Second  is  the  requirement  that  the  sampling  process,  cr  in 
this  case,  the  recording  process,  be  representative.  Ey  that  is 
meant  that  the  two  recording  systems  apply  to  the  same  population 
of  spills,  and  that  each  has  a  fixed  probability  of  recording 
any  spill  in  that  population.  This  is  a  more  restrictive  require¬ 
ment.  It  is  unrealized  in  practice  to  the  extent  that  the  spills 
(i.e.,  the  spillers)  seek  out  the  recording  system,  rather  than 
vice-versa.  Reporting  a  spill  to  one  of  the  systems,  PIRS  or 
XRC,  is  often  considered  adequate  to  insure  that  it  will  be 
reported  to  the  other.  Hence  the  probabilities  and  of 
independent  reporting  may  not  be  descriptive,  and  the  probability 
of  two  independent  reports  may  not  be  P-j_P2‘  Further,  certain 
types  of  spills,  such  as  those  from  industrial  plants  and 
tank  farms  may  be  more  likely  to  be  reported  through  the  XRC,  and 
ethers,  such  as  those  from  vessel  accidents  may  be  mere  likely  to 
be  reported  to  or  by  the  US  Coast  Guard  PIRS.  These  conditions 
would  invalidate  the  assumption  that  the  reported  spills  are 
representative  samples  of  all  spills,  taken  with  probabilities 
P.,  and  P?  from  the  entire  population  of  spills. 

MATHEMATICAL  XOTE 

The  formula  (6)  for  X  can  be  obtained  by  a  mere  sophisti¬ 
cated  method,  given  in  Reference  18,  pages  41-45.  It  is 
shown  there  that  the  probability  that  there  will  be  exactly  X_ 
spills  in  common,  given  X^ ,  X,,  and  X,  is  a  hypergeometric  dis¬ 
tribution,  and  the  value  of  X  for  which  that  probability  is  a 
maximum  is  given  by  (6) . 


B  - 1 1 


A  valuable  result  of  the  development  given  in  Reference 
IS  is  that  it  is  not  necessary  to  assume  that  both  PIRS  and 
NRC  reports  are  made  at  random  and  independently;  it  is 
enough  to  assume  that  either  the  PIRS  or  the  NRC  reports 
are  random,  provided  they  are  independent. 

Another  result  of  value  in  Reference  IS  is  the  Normal 
approximation  to  the  hypergeometric  distribution  of  N_.  It 
is  seen  from  o.  ISO  of  that  Reference  that  N-  is  Normallv 
distributed  with  mean  N^N0/N  and  variance  N-,X?  (N -N-, )  (N-X.,)/ 

N-.  Thus,  if  one  assumes  a  value  for  N,  he  nay  easily  cal¬ 
culate  the  mean  and  variance  of  the  observed  overlap  N-. 
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APPENDIX  C 

CRUDE ,  HEAVY,  AND  LIGHT  C 
GEOGRAPHIC 'REGIONS  CP 


7  v  ic-'  7  C  “  ~  ZZZ 

i.\  u.  -  —  -  -  -  U  . 

UNITED  STATES 


EXTRACTED  AND  EXTRAPOLATED  FRC.N  -  "Waterborne  Commerce  cf  the 
United  States''  for  1974-1976,  excluding  ports  and  waterways  with 
less  than  10,000  tons  annual  oil  movement. 


.  ACCE  oil  movement  data  are  available  at  present  for  the 
years  1974,  19" 5,  1976  and  1977.  Harbors  and  waterways  having 
total  oil  movements  of  less  than  10,000  tons/year  were  ignored. 
It  is  estimated  that  the  the  total  amount  of  oil  thus  eliminated 
in  any  one  region  is  less  than  100,000  tons/year,  or  less  than 
0.20-  of  any  regional  oil  flow. 

The  data  were  aggregated  by  oil  type  as  follows  (similar 
to  Reference  9,  p.  16): 


Oil  Tyne 


Commodity  Classification  Numbers 


Crude 


1511 


Heavy  2913,  2916,  291S 

Light  2911,  2912,  2913,  2914,  2917- 


The  total  oil  movements  tabulated  for  the  four  regions 
are  given  in  the  following  listing  by  year  and  by  port  or 
waterway.  In  addition  to  the  10,000  tcns/year  exclusion,  cer 
small  rivers,  canals  and  inland  waterways  were  excluded.  The 
major  such  exclusions,  and  other  assumptions  made  in  compilin 
the  data  for  each  region  will  now  be  discussed. 


s.  in 


Greater  New  York:  The  greatest  part  of  the  traffic  is  contained 
in  the  Port  of  New  York  Consolidated  Statement.  This  statement 
includes  the  Hudson  River  Channel  up  to  156th  Street  in 
Mahattan.  The  remainder  of  the  Hudson  River,  through  Troy.  NY, 
may  be  obtained  either  from  the  statement  fcr  the  Hudson  River, 
Deepwater  in  Upper  Bay,  NY  to  Waterford,  NY  or  from  the  state¬ 
ment  fcr  the  Hudson  River,  Deepwater  in  Upper  Bay,  NY. to  Waterford, 
NY,  or  from  the  statement  for  the  Hudson  River,  Mouth  of  Spuyten 
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Duyvil  Creek  to  Waterford,  NY.  The  fcrr.er  is  slightly  redundant 
v.'itr.  tne  Port  ci  New  VorK,  Consolidated  Report,  while  the  latter 
leaves  a  slight  gap  in  coverage  iron  15oth  Street  to  Spuyter. 
Duyvil  Creek.  The  reduncancv  was  chosen. 


;uv  ten 


The  traffic  through  the  Federal  Lock  at  Troy  was  elimated 
since  this  oil  is  accounted  for  in  the  Hudson  River  Traffic. 

Delaware  Bay:  Almos t  all  traffic  in  this  region  is  contained 
in  the  Consolidated  Report  of  the  Delaware  River,  Trenton,  NJ 
to  the  Sea.  This  tabulation  includes  all  ncn-locai  traffic  of 
Trenton,  Philadelphia,  Camden,  Marcus  Hook,  Wilmington  and  the 
main  tributaries  of  the  Delaware.  The  Schuylkill  River  movements 
are  also  included,  except  local.  Traffic  on  the  inland  waterway 
between  the  Delaware  River  and  Chesapeake  Bay  was  excluded,  as 
was  traffic  on  Mantua  Creek,  XJ. 


Louisiana  Coast:  The  major  difficulty  in  this  region  concerned 
the  choice  of  data  to  represent  the  New  Orleans  and  Baton  Rouge 
areas.  On  one  hand,  one  may  employ  the  data  for  the  Mississippi 
River,  Baton  Rouge  to  New  Orleans  and  New  Orleans  to  the  Mouth 
of  the  Passes.  This  provides  a  complete  statement  of  the  River 
mc\rements  from  above  Baton  Rouge  to  the  Gulf  of  Mexico,  with  the 
through  traffic  called  out  separately.  On  the  other  hand,  one 
may  employ  the  data  for  the  Port  of  Baton  Rouge  (Mile  16S 
through  Mile  253)  plus  that  for  the  Port  of  New  Orleans  (Mile 
12"  to  Mouth  of  Passes) .  It  was  decided  to  employ  the  river  data 
because  the  two  separate  Ports  taken  together  still  leave  a 
section  of  the  Mississippi  River,  from  Mile  127  to  Mile  16S, 
unaccounted  for.  Examination  of  the  data  shows  a  significant 
amount  of  foreign  crude  oil  passes  through  the  New  Orleans  sec¬ 
tion  of  the  Mississippi  and  lands  in  the  Baton  Rouge  section  of 
the  Mississippi.  This  movement  appears  in  the  River  data  but 
not  in  the  separate  Ports  data,  presumably  because  of  the  gap  in 
the  Ports  coverage. 

Another  difficulty  in  compiling  the  data  in  the  Louisiana 
region  is  the  method  of  handling  oil  movement  on  the  Intra¬ 
coastal  Waterway  and  other  inland  waterways.  It  will  be  noted 
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he  still  data  for  the  Louisiana  region  includes  several 
on  the  Intracoastal  Waterway  and  one  in  Bayou  Black. 

The  inland  vaterv/ays  in  the  Louisiana  region  carry  about  3G 
r.iilicr.  tons  of  oil  per  year,  of  which  about  half  is  through 
movement.  Although  oil  movement  on  these  waterways  is  primarily 
barge  traffic  and  hence  not  likely  to  result  in  massive  spills, 
it  nevertheless  is  a  significant  contributor  to  the  spill  rate 
and  for  that  reason  was  included  in  the  oil  movement  total  for 
Louisiana . 

North  Texas  Coast:  Almost  all  oil  movements  in  this  region  were 
included  in  this  Appendix,  the  only  exclusions  being  less  than 
100,000  tons  annually.  The  movement  on  the  Lake  Charles  Deepwater 
channel  Avas  assigned  entirely  to  the  Louisiana  Coast  region. 
Similarly,  all  of  the  movements  on  the  Galveston-Corpus  Christi 
section  of  the  Intvacoastal  Waterway  \cere  included  in  the  North 
Texas  region. 

General :  Some  general  observations  may  be  made  on  the  use  of 

ACOE  data  in  calculating  oil  spill  rates. 

First,  it  appears  that  the  selection  of  the  appropriate  types 
of  oil  movement  is  not  an  easy  task.  We  have,  in  this  Appendix, 
taken  the  aggregate  of  imports,  exports,  coastwise  receipts  and 
shipments,  internal  receipts  and  shipments,  and  local  receipts 
and  shipments.  We  also  have  included  through  traffic  on  the 
grounds  that  it  is  about  as  likely  to  produce  spills  as  traffic  in 
the  other  categories. 

Second,  it  may  be  observed  that  consistency  does  net  neces¬ 
sarily  avoid  biasing  of  the  resultant  spill  rates.  For  example, 
inclusion  of  inland  waterway  traffic  has  a  greater  impact  on  the 
Louisiana  Coast  spill  rate  than  on  the  spill  rate  of  any  other 
region,  because  of  t,,e  large  amount  of  waterway  movement  in 
Louisiana.  The  same  may  be  said  of  the  inclusion  of  through  traf¬ 
fic,  which  also  is  heavy  in  the  Louisiana  Coast  region. 
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26568.3 _ 

.  o  ..c 

8761.7 

3044 . 0 

LIGHT 

8089.8 

o.o 

9066.9 

3848.8 

3336.2 

8.6 

6495.7 

4791.3 

1976 

_  CRUDE _ 

.  .43987^3 _ 

C.O 

_  8263.3  .  _ 

3049 . 9 

LIGHT 

7779.4 

0.0 

11077.6 

4C30.0 

_ _ HEAVY 

_ 3  801.6  _ 

0.0 

_  82  79. 9_.._ 

40  86 .  a 

1977 

CRi. 09 

6 A424.4 

O.o 

7183.1 

1734.5 

LIGHT 

8761.7 

0.0 

10412.0 

3925.0 

HEAVY 

4863.9 

0  .n 

__  __  9633.8 

3956.7 _ 

C-ll 


a»ca?  : 

ElJ  RIVER  AND 

PASS*  LA 

974 

CRUDE 

2274.7 

.0 

5563.7 

"o'.  C* 

LIGHT, 

1527.9 

0.0 

902.0 

0.0 

HEAVY 

309.6 

o.o 

10 21.4 

0.  0 

07  = 

CRUDE 

4630.6 

0.0 

4760.4 

o.o 

LIGHT 

_ 14  36.8, . 

o.o 

820.7 

o.o 

HEAVY 

2  46.8 

0.0 

861.9' 

0.0 

.926 _ 

CRUDE 

5738.0 

O.o 

4204. 2 

o.o 

LIGHT 

.1914.8 

.0.0  __ 

1170.9 

_ o.o . 

HEAVY  376.7  0.0  1290.3  0.0 


CRUDE 

3063.8 

0.0 

4674. 1 

o.o 

LIGHT _ 

—3359.2 _ 

O.o _ 

1929.3 

_ 0.0 

HEAVY 

1  Q5. 7 

0.0 

1796.  1 

0.0 

tch.afala 

YA  RIVER.  LA.  . 

,o7a 


CRtlDF  -  . 

_ 0.0 _  _ 

O.o  _ 

224.0. 

_ [ _ 959.3 

LIGHT 

0.0 

0.0 

166.9 

529.6 

hEaw 

0.0 

0.0 

149.7 

1147.1 

.078 

CRUDE 

0.0 

0.0 

274.2 

729.9 

LIGHT 

0.0 

0.0 

277.6 

323.5 

hEuy 

0.0 

0.0 

144.  1 

594 . 9 

l 0  76 

C  Rt  IDE 

O.o 

O.o 

375.9 

738.4 

LIGHT 

0.0 

o.c 

327.0 

893.8 

HEAVY 

0.0 

0.0 

150.9 

984.9 

I  Q77 


-CRi  IDF - 0  .  n - 0 .0 - 3  0 1 . 9  _  .  .  -4 79-.  0 - 

LIGHT  0.0  n.o  465.6  740.7 

.HEAVY _ 0.0 _ 0.0 _ 195.8 _ 947.8 _ 


■CTALS.  LOUISIANA  COAST _ 

!07i 


CRUDE_. 

,249  05.0. _ 

-14  8  33.3  _ 

3  9881.0 

17266 . 6 

LIGHT 

10369.8 

7854’. 2 

15293.7 

19470.9 

HEAVY 

4376.7 

2333.7 

14197.0 

24942 . 6 

.975 

CRUDE 

38C39.7  . 

26568.2 

38133.3 

2^558.7 

LIGHT 

11413.1 

8089.7 

15631.7 

19857.2 

-HEAVY _ 

_ 5,000.5 _ 

.  33.62.0  . 

_  1 2 379 . 3_ 

22736.2 

976 

CRi  IDE 

61071.0 

43987.3 

37530.  2 

21030.3 

LIGHT 

56071.0 

43987.3 

37530.2 

21040.3 

HEAVY _ 

4950.9 _ 

._  3928.8 _ 

15195.2 

24210.3 

Q77 

CRUDE- 

87042.0 

65424.4 

33790.9 

16185.2 

LIGHT 

13065.4 

8761. e 

17490.6’ 

21596.2 

HEAVY 

5808.2 

4892.4 

1  8561.5 

25069. 1 

12 


TX 


c  1 c  T  N  ~  -  \ 
;c7i 
CRUDE 

L  IGHT 

i EC HE S  WA7-RVAY,  IX 

1°462.1 

12567.1 

0.0 

0.0 

3991.6 

44  9  7.3 

5197 .6 

2646 . 9 

HEAVY 

4705.3 

0.0 

32 54 . 6 

537a.  1 

J075 

CRUDE 

17933.3 

0.0 

C  3  6  >  •  2 

4191  .  i 

LIGHT... 

12008.3 

o.c 

4762.3 

2789.3 

HEAVY 

3879.6 

0.0 

3536.5 

4000.4 

1°76 

CRt  tDr 

32213.1 

0.0 

4832.6 

4825 . 0 

LIGHT 

13115.6 

0.0 

3682.1 

^364.7 

HE  AVV 

5336.2 

0.0 

3960.9 

5295.4 

iq77 

CRUDE 

38648.7 

0.0 

5559.2 

4368.6 

LIGHT 

10980 . 7 

0.0 

3372.1 

471C.4 

HEAVY 

5243.5 

0.0 

3938.5 

6666. 1 

U'0U  ftTON 

SH  I  P_  CANAL* 

TX 

1  974 

CRUDE 

14874.7 

0.0 

2934.2 

0.0 

LIGHT 

15388.4 

0.0 

3863.5 

c.c 

_  heavy 

3308.3 

0.0 

5592. 1 

0.0 

mi 

mm 

0.0 

2996.4 

0.0 

light 

1 4ft  35 . 5 

O.o 

2864.3 

0.0 

heavy 

_ 2997,6  _ 

0.0 

5111.7 

c.  0 

1C  7ft 

CRUDE 

22039.0 

0.0 

3466 . 6 

0.0 

LIGHT 

14239.9 

0.0 

3449.7 

0. 0 

.  .  .  HEAVY  . 

.2417.3 

_ 0.0 

5961.4 

0.0 

1977 

CRUDE 

28191.7 

0.0 

3564.2 

o.c 

LIGHT 

14437.8 

0.0 

7220.7 

0.0 

HEAVY 

4935.2 

0.0 

6775.2 

0.0 

TEXAS  C I T v  CHANNEL* 

TX 

1074 

CRUDE 

7696.6 

0.0 

3576.2 

o.o 

L  IGHT 

3?°6.° 

0.0 

2664.9 

A.  0 

HEAVY 

425^4 

..  .0#  0 

..  737.6. 

0.0 

19  7ft 

CRUDE 

3 6.1_8 •  5  .  ... 

0.0 

3466. 1 

0.0 

LIGHT 

..  heavy 

5494.8 

_  5  74.2__ 

0.0 

_ _ o.c. _ 

2332.0 

745.6 

0.0 

_ 0 . 0 _ 

197ft 

_ CRUDE- 

_ 9596.6 _ 

0.0 

26  9  0  ..0 

0.0 

light 

.__.hEa.vv 

4556.6 
_ 5.5-9 . 4 

0.0 

0.0 

3002.6 

1012.2 

0.0 

0.0 

1  077 

_  _ CRUDE 

_ 1 2  8.  S  7_.  3 _ 

- .  C..  0 

.  .  32  73.2  . 

_ c .  0 _ 

LIGHT 

4?32. 6 

0.0 

4041.6 

0.0 

HEAVY 

1  3  79.3  . 

o.c. _ 

1554.7  _ 

__  0*o _ 

C-13 


0,0  oi  o  c.  o  o  o  o;  o  o  oi  o  o  c 


L  V  E  G  T  0 


HAWEt 


Kti  Vv 


HEAVY 

1976 
fRi  lOr 

_ L  I  GHT_ 

HEAVY 

J  017 
CRUDE 
LIGHT 
HEAVY 


1  1  7 

_ 0.9. 

2.3 


122.8 


4-9  3.9 
...  70.  S 
7.8 


rREEPOR T..H.A??09j  IX. „ 

1074 

_C  R  UDE _ 2  9  69. 1 _ 

LI Gmt  836.2 

HEAVY  .  0.0 


_ C  R  L'DE _ 

L  I  Gmt 
HEAVY  . 
078 

CRUDE  _ 

LIGHT 


S228..4 

484.3 


1076 

CRU 

LIG 

HEA 


CRUDF 

9030.5 

LIGHT 

5  28.1 

HEAVY 

o.n 

AT AGORDA 

SHIP  CHANNEL 

074 

CRUDE 

0.0 

LIGHT 

o.O 

UE  A  VY 

61.1 

light 

heavy 


HEAVY 


_i  np.5±.2 

454.6 

170.3 


622.3 

124.7 


107.4 

195.8 


128.4 

313.° 


167.9 


190.5 


178.3 
3.4 
5.9' 


1  C  77  — 

‘crude 

1-  I  GH7 

o.  n 

0.0 

0.0 

0.0 

139.6 

5.1 

c.o 

0.0 

HEAVY 
G1CWW. 
1074 
_ CRuDF 

L  I  GHT 
heavy 

0.0 

SAB! ME  =!VER 

0.0 

0.0 

TO  GALVESTON, 

0.0 

17.5 

JX _ 

611.4 

c.  c 

8785.4 

0.0 

0.0 

0.0 

0.0 

1909.0 

1745.5 

5093. 4 
6627.6 

1075 

CRUDE 

0.0  . 

0.0  _ 

1184.6 _ 

7575.9 

L  I  GHT 

0.0 

a 

*  • 

2672.6 

463°. 3 

HEAV  v 

_  0.0  . 

3.2  _ 

..1688.8 

.5605.2 

1076 

CRUDE 

0.0 

O.o 

1010.5 

6733.7 

LIGHT 

4.9 

A  A 

W  •  ' 

1772.7 

5665  •  1 

HEAVY 

4  •  0.. 

.25.4 

1741.7 

7 i be  .  5 

1977 

CRUOF 

0.0 

0.0 

1446.1 

3561.0 

LIGHT 

0.0 

0.0 

1837.1 

7476.8 

HEAVY 

0.0 

0.0 

1698.5 

6693.1 

G  ICWW, 

GALVESTON  TO 

CORPUS  CHRIST  I 

,  TX 

1  07  A 

CRUD- 

0.0 

O.o 

2102.9 

2130.4 

LIGHT 

0.0 

0.0 

271.2 

2662.6 

HEAVY 

0.0 

0.0 

355.3 

1349.  1 

1075 


CRUDE 

0.0 

0.0 

2414.8 

TB4  5TI 

LIGHT 

0.0 

0.0 

621.3 

1385.7 

HEAVY 

0.0 

0.0 

2C8.6 

964.6 

1  =  76 

CRUDE 

0." 

r.o 

1469.3 

2436.0 

LIGHT 

".9 

0.0 

154.4 

1352.2 

HEAVY 

0.0 

0.0 

2  54.0 

1490.2 

1077 

CRUDE 

0.0 

0.0 

1946.7 

2723.6 

LIGHT 

0.0 

0.0 

214.0 

1655.7 

HEAVY 

c.o 

0.0 

' 266.3 

1655.2 

C- 15 


TOTALS  . 
19  7a 

NOOTu  TEXAS 

C  CAST 

CRUDE 

19834.8 

C.o 

116  0  3.8 

10915.6 

light 

10921.5 

O.o 

19211.7 

7776.2 

hEavv 

107' 

7  ■*  69  •  A 

0.0 

9061 .9 

8176.7 

CRUDE 

A  "*0  .  8 

0.0 

15256.6 

13612.1 

LIGHT 

32522.9 

0.0 

13454.2 

9014.8 

HEAVY 

1076 

7A96.3 

3.2 

11496.9 

10770.4 

CRUDE 

68A27.9 

0.0 

1 A  1 2  4  .  5 

160A6. 7 

LIGHT 

3  2  a  6  2 . 6 

0.0 

12256.8 

10362 . 0 

heavy 

8657.0 

25. A 

13285.7 

13774. A 

1977  _ 
CRDDc 

902^2.2 

o  .  o'  ‘ 

" 16281.9 

156  5*374 

L  I  GHT 

3  0  ?  00 . 0 

0.0 

16861 .6 

14051.9 

HEAVY 

11365.8 

c.o 

16942.9 

1  7  0  1 A .  A 

APPENDIX  D 


TRIPS  OF  TANKERS,  TANK  BARGES,  AND  ALL  VESSELS  IN  19^4-1977  FOR 
FOUR  GEOGRAPHIC  REGIONS  OF  THE  UNITED  STATES 

EXTRACTED  AND  EXTRAPOLATED  FROM  -  "Waterborne  Commerce  of  the 
United  States”  ( Army  Corps  of  Engineers'!  for  1974-1976  ,  excluding  ;  • 
ports  and  waterways  with  less  than  10,000  tons  annual  oil 
movement . 

The  vessel  trip  data  here  tabulated  were  extracted  from  the 
ACOE  volumes  for  the  same  waterways  as  were  the  tonnage  data  of 
Appendix  C,  with  few  exceptions.  (1)  The  trip  data  do  not  include 
a  consolidated  statement  of  the  Port  of  New  York,  analogous  to 
that  found  in  the  tonnage  data.  Therefore,  the  trip  data  for  the 
separate  waterways  that  constitute  the  Port  of  New  York  as  given 
in  Table  D-l  were  summed  to  arrive  at  an  equivalent  consolidated 
statement  of  the  Port  of  New  York.  [2)  The  Waterways  given  in 
Table  D-2  were  summed  and  are  shown  on  the  listing  as  Louisiana 
Inland  Waterways .  The  list  of  Table  D-2  includes  six  waterways 
(items  3  through  8)  that  are  not  included  in  the  tonnage  movement 
data  of  Appendix  C,  but  these  waterways  comprise  a  relatively 
small  fraction  of  all  vessel  trips  in  Louisiana.  Hence  the  Louis¬ 
iana  Coast  vessel  trip  data,  for  all  practical  purposes,  covers  the 
same  waterways  as  the  tonnage  data. 


D-l 


WATERWAYS  IN  THE  NEW  YORK  CONSOLIDATED 
STATEMENT,  ACOE  DATA 


TABLE  D-l. 


The  following  waterways  make  up  the  Port  of  New  York  in  the  ACOE 
consolidated  statement: 

\  Eastchester  Creek, _NY_ 

Bronx  River,  NY” 

Westchester  Creek,  NY' 

Manhasset  Bay,  NY 

Flushing  Bay  and  Creek,  NY 

Harlem  River,  NY 

Hudson  River,  NY'  (Lower  section) 

Hudson  River  Channel,  NY  and  NJ 
East  River,  NY" 

Newtovrn  Creek,  NY 

Buttermilk  Channel,  NY 

Bay  Ridge  and  Red  Hock  Channels,  NY 

Gowanus  Creek  Channel,  NY 

Gowanus  Canal,  NY 

Gravesend  Bay,  NY 

Coney  Island  Channel,  NY 

East  Rockaway  Inlet,  NY 

Jamaica  Bay,  NY 

Raritan  River,  NJ 

Upper  Bay,  New  York  Harbor,  NY  and  NJ 
Newark  Bay,  NJ 
Hackensack  River,  NJ 
Passaic  River,  NJ 

New  York  and  New  Jersey  Channels,  NY  and  NJ 
Raritan  River  to  Arthur  Kill  Cutoff  Channel,  NJ 
New  York  Harbor,  NY,  Lower  Entrance  Channels 


D-2 


I 


D-3 


ssaa 


1977 


TRIPS  OF  TANKERS*  3 ARSES  AND  ALL  VESSELS 

..  FOR  FOUR.  US..  COASTAL.  AREAS.  .. _ _  _ 

1974  THROUGH  1977 

_ _  IP  7.4  _  _ 1  975  _ _ 197_6 


NEW  LONDON  HARBOR  AND 

THAMES  RIVER 

,  CT 

tankers 

631 

508  ' 

505 

42  2 

B4RGFS  __  .  .. 

14  74.  _ 

12  51 

959 

713 

ALL  TYPES 

20184 

10792 

14278 

9179 

CONNECTICUT  RI 

yER  BELOW  HARTFORD, 

CT  ...  _ 

tankfrs 

516 

430 

562 

549 

R  A  R  G  p  S 

P74 

1172 

917 

697 

aLl  types 

6  7706 

68143 

65683 

66488 

new  haven  harbor,  ct.  _ 

tankers 

1542 

1308  ~ 

1376 

1243 

.BARGES  .  _  . 

.  .  2014  . 

2308 

2  00  7 

2103 

ALL  TYPES 

9283 

8595 

9010 

8690 

BRIDGEPORT  HAR 

BOR,  CT 

tankfrs 

209 

223 

192 

191 

_  BARGES  _ 

.  602  . 

598 _ 

647  _ 

661 

all  types 

3746 

3825 

3876 

3946 

NORWALK  harbor 

,  CT  . 

TANKPRS 

90 

BO 

77 

6  9 

F.ARGPS _ _ _ 

291 

320 

334 

ALL  TYPES 

2?40 

2720 

2768 

3037 

STAFFORD  HARBOR,  CT 

tankers 

305 

296 

292 

'285 

barges  .  . 

281 

244 

224 

193 

all  types 

2284 

1999 

1611 

'1292 

OYSTER  BAY,  _NY 

’tankfrs 

?  6  4 

3  3  Q 

248 

139 

BARGFS 

214 

172 

184 

189 

ALL  TYRES 

2233 

21  1° 

2187 

1686 

PORT  CHESTFR. . 

N'Y_ 

ta^kprs 

239 

235' 

'2  4  l~ 

"  32  5' 

BARGES  _  _ 

_ 37 _ 

70 

62 

43 

ALL  TYPES 

879 

921 

792 

840 

RQRT  JEFFERSON 

,  NY 

TANKERS 

712 

561* 

'504 

_  384 

BARGES 

9  1 1 _ 

1086 

560 

501 

ALL  TYPES 

8970 

9064 

8715 

8  661 

HFMDCTEAD  harbor,  NY 

TANKERS 

P05 

435 

199 

74 

bapges 

_  .soj, _ 

485 

_ 577 _ 

595 

ALL  TYPES 

97  7  4 

7111 

4284 

1563 

TOTALS,  LONG  ISLAND  SOUND 


tankep  s 

5113 

4415 

4196 

3681 

barges 

7702 

7760 

6457 

6029 

ALL  TYPES 

127399 

115289 

1 142  04 

105382 

D-4 


OORT  OF 'NEW  YORK,  TABLE  D- 1 . 


TANKERS 

74187 

638C6 

59994 

51796 

barges 

93590 

£  5  6"  6  6 

£4286 

76*96 

ALL.  T Y P E. S  _ 

"’9345  2 

675907 

616C54 

516167 

HUDSON  RIVER.  DEEPWATER, IN  UP3ER.3Ay  TO  .WATERFORD ,  Nv _ 

TANKERS  233  3  1904  1811  1494 

BARGES _ 8E3  A _ 73. 7  0_ _ 77  3  8 _ 7  0  8_5 _ 

ALL  TYPES  110864  92952  78930  623G2 


DELAWARE  RIVER,  TRENTON  NJ  _TO  THE. SEA,  CONSOL  I  D  AT  EJ>_  RE  PORT 
TANKERS  5 1 A  4  4501  4504  4076 

A RjGE.S. _ 13,4 8  J _ 123  2 P _ LA 2 6 2 _ 1 2 537 _ 

ALL  TYCES  118307  119612  94907  87209 


LOUISIANA  INLAND  WATERWAYS,  TABLE. D-2. 


tankers 

35 

40 

12 

6 

BARGES 

75306 

80464 

7B623 

81448 

ALL  TYPES 

337633 

382947 

407545 

44  5  95  4 

MISSISSIPPI 

RIVER,  NEW  ORLEANS 

TO 

MOUTH  OF 

PASSES 

tankers 

4275 

4702 

4769 

5076 

.barges  ,  , 

3871.7 

41069 

382  18 

39136 

ALL  TYPES 

167652 

173744 

172361 

175961 

MISSISSIPPI. 

RIVER,  BATON 

ROUGE 

TO 

NEW  ORLEANS 

T ANKFPS 

2C  5  8 

3110 

3425 

3898 

BARGES 

44381 

48503 

47049 

49^1  2 

ALL  VESSELS 

152063 

161751 

175120 

185435 

C  ALC.A  S  I  rD  PT  V- P  AND  CASS 

,  LA  _ 

tankers 

605 

584 

693 

715 

BARGES 

6746 

8290 

8  506 

e274 

ALL  VESSELS 

308  6  9 

34128 

38347 

41926 

AJCHAFALAYA 

RIVER,  LA 

tankers 

0 

0 

0 

0 

BARGES 

4367 

3405 

5C15 

4910 

ALL  VESSFLS 

43508 

47358 

45391 

47302 

TOTALS,  LOUISIANA  COAST 

_T  ANKERS. _ .7473  _ 

BARGES  171517 

ALL  TYPES  564973 


8436 _  8899 _  9695 

182631  177411  183080 

7R9928  838764  896576 


D-S 


S*2INE-NECHES  WATERWAY 

.  TX 

TANKERS 

3^02 

2691 

2321 

3323 

n.tof.r? 

2963c 

2P.321 

•20520 

30374 

ALL  vessels 

70S  5  0 

65592 

715  93 

70695 

HOUSTON  c H I D  CL 

ianmfl  * 

TX 

T  A  N'-  K  ►  R_S 

3169 

?QB4 

21A9 

3081 

PAdgFF 

21439 

1929° 

21232 

29450 

all  vessels 

66299 

61545 

69940 

69569 

TEXac  CITY  CHANNEL »  TV 

_  TANK- oc 

1017.. 

1276  _ 

_ 1321  . 

1508_ 

BADGES 

11157 

0792 

10765 

1  0205 

_  ALL  VESSELS. 

16753 

14780 

1705A 

16497 

CALVEFTON  CHANNEL,  TX 

T  A  N  <  E  R  S 

2  A  2 

225 

203 

ISA 

BADGES 

745 

6  C  5 

527 

Ads' 

all  vessels 

5952 

6  A  6  A 

8  A  5  5 

9460 

rsEE°ORT  HARDQO 

,  TX 

talkers 

721 

575 

7  OA 

65  0 

badges 

3562 

27^0 

2911 

2895 

all.  VESSEL c 

8765 

6767 

7583 

7360 

^ATiGORDA  SHIP 

cuannfl 

,  TX 

TANKERS — ■ —  - 9 - -  6 _ 15 _ 16 _ — 


BARGES 

659 

571 

586 

532 

_ ALL...VESSELS. 

_ 2  L.8  6. 
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1  8 

22 
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1  3"  19 

1  2  SOA 

11734 

ALL  VESSELS- 

46142 

_ ...  45.610 _ 

522  5  4 _ 

54114 

TOTALS,  NORTH 

TEXAS  . 

COAST 

TANKERS 

8273 

7868 

8841 

8896 

BARGE s 

110505 

102305 

109194 

106511 

ALL  vessels 

275733 

256646 

291626  ' 

292065 

APPENDIX  E 

A  BRIEF  DISCUSSION  OF  THREE  TECHNIQUES 
TO  ESTIMATE  OIL  SPILL  RATES  FROM  HISTORIC  DATA 

The  fundamental  assumption  made  in  the  spill  rate  calculation 
tc  follow  is  that  spills  are  a  Foisson  process  on  the  exposure 
variable.  This  means  that  (Reference  14,  p  14): 

(a)  The  probability  of  at  least  one  spill  occurring  during 
exposure  Lt  approaches  the  value  X  (it)  as  it  approaches 
0,  where  X>0. 

(b)  The  probability  of  two  or  mere  spills  occurring  during 
exposure  it  approaches  0  as  it  approaches  0. 

It  might  be  noted  from  (b)  that  collisions  of  oil-carrying  ves¬ 
sels  are  not  a  Poisson  process  if  they  result  in  multiple  spills; 
it  is  necessary  to  count  the  spills  resulting  from  a  collision 
as  a  single  spill  if  they  are  to  be  considered  part  of  a  Poisson 
process . 

Given  the  assumption  of  a  Poisson  process,  the  question 
arises:  How  does  one  estimate  the  spill  rate  parameter  X  given 

several  years  of  historic  spill  and  exposure  data?  Three  ap¬ 
proaches  will  be  discussed  very  briefly,  in  order  of  decreasing 
complexity . 


1) 


Maximum  Like! ihoo; 


The  idea  behind  th: 
mice  the  probability  of 
Poisson  assumption,  the 
is  ?.,  and  the  probabil 

l 


ls  approach  is  to  choose  X  sc  as  to  maxi- 
the  actually  observed  spills.  By  the 
orobabilitv  of  n.  soills  in  extesure  t. 

l  •  l 

ity  of  the  set  of  observations  is  P: 


n.  -Xt. 


p.  = 

1 

(Xt.) 

1 

,  P  =  7T  P- 

(E-l) 

n .  ! 

i  1 

This 

rate  X 

iTi  sy  fc  6 

selected  so  as  to  maximice  ? 

for,  s  a 

1974, 

i  1975, 

IS" 6 ,  1 

9"-.  The  result  is 

r: 


5-1 


c  > 


(E-2) 


i  =  l 

which  will  be  seen  to  be  identical 
tc  be  discussed. 


to  that  of  the  next  approach 


2)  Posterior/Prior  Analysis 

This  approach  is  described  in  Reference  4.  The  authors  start 
out  with  the  assumption  that,  prior  to  the  incorporation  of  the 
n.,t^  data,  the  spill  rate  X  has  a  Gamma  distribution 

f(>0  =  e‘>-“(.Xw)0'1(,'/(c-l)  !  CH-3) 

with  both  parameters  c  and  u>  approaching  ;ero.  This  essentially 
distributes  V  uniformly  everywhere  on  the  positive  axis,  corres¬ 
ponding  to  almost  complete  ignorance. 

V.’hen  the  observational  data  n.,t.  are  available,  the  new 

i  i 

(posterior)  distribution  of  A  may  be  calculated: 
f(?./ni,ti)  =  f  (n./X  ,  t  i)  f  (X)/f  (nVt.) 

=  f(n./X,t.)  f(X)//f  (n./X,t.)  f  ( X ) d  X . 

The  distribution  f(n^/A,t^)  is  now  assumed  to  be  Poisson, 
and  the  prior  distribution  f(X)  is  the  Gamma  assumed  above,  h’hen 
these  two  functions  are  put  into  the  right  side  and  simplified 
the  result  is 

n  .  +  c  -X  (u.'+t . ) 

f  ( X  /  n  i  ,  t  i )  =  [X(u+t.)]  1  e  1  />  :  (rw  +  c-  i)  ! 

which,  when  evaluated  at  c  =  u.  =  0,  is 

n.-l  -Xt. 

f(X/n.,t.)  =  (Xt.)  1  e  Vtn.-l)! 

Thus  when  the  data  n^,t^  are  incorporated  the  distribution  of  the 
spill  rate  X  is  again  a  Gamma.  This  process  obviously  may  be 
repeated  with  the  same  result  as  new  data  (n^,t.;  i  =  1,2,...) 
become  available. 


- 


I 


“  V.  t 


S  2  c 


sinolv  of 


r.t  in  the  development  one  has  an  estimate  not 
of  its  entire  posterior  probability  density  dis¬ 


tribution.  The  authors  proceed  to  derive  from  it  a  prediction 
or  distribution  of  the  probability  of  observing  a  given  number  of 
spills  in  a  given  future  exposure.  But  if  only  an  estimate  of  the 
spill  rate  X  is  required,  the  above  distribution  f(X/n^t^)  is 
completely  adequate.  From  it  any  number  of  estimates  of  a  may 
be  derived,  (e.g.,  the  mean,  the  mode,  the  median).  The  simplest, 
perhaps,  is  the  mean  T  which  is  just  the  ratio  of  spills  observed 
to  exposure  observed.  For  the  ith  year  this  is 


=  n./t. 


while  for  all  years  together  it  is  X 


This  is  the  same  result  as  obtained  from  the  maximum  likelihood 
estimate  (1)  above. 


5)  Least-Squares  Fit 

If  cumulative  spills  are  regressed  against  cumulative  oil 
movement  the  slope  of  the  resulting  line  is  an  approximation  to 
the  spill  rate  of  the  underlying  Poisson  process.  As  the  amount 
of  data  increases  the  slope  approaches  the  spill  rate  X. 

In  fitting  a  straight  line  to  the  cumulative  data,  the  origin 
may  be  considered  a  valid  data  point,  i.e.,  the  cumulative  spills 
and  cumulative  oil  flow  may  be  taken  as  zero  before  any  data  are 
accumulated.  This  point  is  valid  for  the  same  reason  that  the 
cumulative  data  for  intermediate  days  in  the  year,  if  they  were 
available,  would  be  acceptable  points. 

Because  it  is  generally  accepted  and  easy  to  apply,  the  slope 
cf  the  linear  regression  to  the  cumulative  data  is  commonly 
employed  as  an  estimate  of  the  spill  rate. 


Discuss  ior. 

It  is  instructive  tc  compare  the  posterior  estimator  with 
the  least  square  fit.  The  tv;o  are  illustrated  in  Figure  E-l, 
using  fictitious  data  points  for  emphasis.  It  is  seen  that: 

(a)  The  posterior  estimate  >.  is  the  slope  of  the  straight 
line  joining  the  origin  with  the  last  (cumulative)  point. 
The  least  square  straight  line,  on  the  other  hand,  need 
not  pass  through  either  the  origin  or  the  last  point. 

(b)  The  least  square  fit  depends  upon  the  order  in  which 
the  (n^t.)  data  are  taken,  while  T  is  independent  of 

the  order.  This  is  a  consequence  of  the  next  observation, 

t.c)  The  posterior  estimator  assures  a  Poisson  spill  process 
relative  to  the  exposure  variable;  the  least  square  fit 
requires  no  assumption  about  the  spill  process. 

(d)  As  the  amount  of  data  increases,  the  least  square  fit 
approaches  the  prior/posterior  estimator. 

Because  of  (4),  least-square  fit  does  not  differ  greatly 
from  the  posterior  estimator  in  practical  situations  in  which 
there  are  a  large  number  of  data  points.  For  example,  the  two 
estimates  were  found  to  agree  to  within  1/2%  for  80  data  points 
representing  the  U.  S.  oil  spill  rate  (spills  over  50,000  gallons) 
from  1974-77  .  Since  the  posterior  estimator  is  simpler  to  calcu¬ 
late  than  the  least  square  fit,  and  because  it  is  the  same  as  the 
maximum  likelihood  estimate,  it  is  employed  exclusively  in  the 
body  of  this  report. 


E-4 


If  spills  occur  according  to  a  Poisson  lav;  then 


is  cr  con' 


~  c  Vv  1  a 


interest 


: err. me  wnet.ne: 


still  rate  indicated 


by  one  set  of  data  is  significantly  different  from  the  spill  rate 
indicated  by  another  set  of  data.  Methods  to  do  so  are  discussed 
in  Reference  22,  Chapter  9.  The  following  analysis  is  a  simpli¬ 
fied  discussion  of  the  relevant  portions  of  that  reference. 

Assume  n^  events  are  observed  from  a  Poisson  process  with 
exposure  t^,  and  n7  events  are  observed  from  another  Poisson  pro¬ 
cess  having  exposure  t0.  It  is  desired  to  determine  if  the  number 
of  events  observed  in  the  second  process  is  significantly  differ¬ 
ent  from  the  number  in  the  first  process.  Let  the  null  hypo¬ 
thesis  be  that  both  processes  have  the  same  rate  a.  It  is  then 
necessary  to  calculate  the  probability  of  observing  n7  events 
in  exposure  t7  given  that  a  total  of  n.^  +  n7  events  are  observed 
in  exposure  t^  +  t7.  As  shown  in  Reference  22,  this  reduces  to  the 
calculation  of  the  binomial  probability  that,  in  n^  +  n,  trials, 
exactly  n,  will  fall  into  the  exposure  interval  t7,  when  the 
orobability  for  each  trail  is  0: 


/n,+n7\  n 7  ni  , 

P(n,/n1+n7)  =  1  '  6  ~  (1-0) 


(F- 1 ) 


where 


0  =  t,/(t,*t. )  . 


(f-2) 


In  other  words,  if  both  processes  have  the  same  occurrence  rate, 
the  ratio  (2)  gives  the  probability  that  any  one  of  the  events 
falls  into  the  exposure  interval  t7.  Therefore  (1)  gives  the 
probability  that  exactly  n7  events  fall  into  the  interval  t,. 

The  above  formulation  has  the  ad.antage  that  it  does  not 
require  a  hypothesis  regarding  the  process  rate  *,  but  only  the 
hypothesis  that  it  is  the  same  for  both  intervals.  Thus  by  giving 
the  exposure  intervals  t,  and  t7,  and  the  observations  n,  and  n - , 


d 


L  !  _ 


one  can 

obtain 

the 

probab i 1 ity 

n,.  By 

taking 

the 

S  UF. 

of  the  observed  number  of  events 


X  =  “ 

/n,+x  n 

?  (X>n^/n1+nO  =  >_,  \  x  S  (l-O*1  , 

x  =  n2 

one  may  be  able  to  determine  whether  the  observation  n?  is  incon¬ 
sistent  with  the  hypothesis  of  equal  process  rates. 

If  n  (=n2  +  n7)  is  greater  than,  say,  30  the  binomial  function 
(1)  cannot  be  readily  computed,  being  the  sum  of  numerous  small 
terms.  In  that  case,  however,  the  binomial  may  be  approximated  by 
the  normal  distribution,  (Ref. 18).  The  number  n~ ,  of  events  ex¬ 
pected  in  exposure  t,  is  normally  distributed  about  the  mean 

nS 

with  variance 

nS(l  -  6)  , 

where  n  *  n^  +  n?  and  5  *  o/(l  p)  ,  with  z  equal  to  the  ratio 
X?t,/X2t^.  If  it  is  hypothesized  that  X 0  =  X^  =  Xq,  i.e.,  that 
both  processes  have  the  same  rate,  then 

9  =  tg/  (t^  +  t ^ ) , 

and  the  distribution  of  n?,  given  n^  -  n0  events  in_  toto ,  can  be 
calculated  without  any  specific  assumption  on  Xp. 
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.  INTRODUCTION 


This  appendix  develops  oil  spill  rates  for  the  major  Western 
Rivers.  It  serves  for  comparison  with  the  spill  rates  in  four 
Coastal  areas  (New  York,  Delaware  3ay,  Louisiana  Coast,  N.  Texas 
Coast)  that  were  investigated  in  the  final  report  to  which  this 
appendix  is  attached. 

The  method  followed  in  this  appendix  is  similar  to  that  em¬ 
ployed  in  the  main  part  of  the  report  first,  the  study  area  is 
defined,  then  the  data  base  of  spills  is  described,  followed  by  the 
oil  movement  data,  and  concluding  with  the  calculation  and  discus¬ 
sion  of  the  spill  rates  that  result. 


2.  STUDY  AREA 


The  rivers  covered  in  this  appendix  are  those  Western  Rivers 
that  carry  500,000  tons  or  more  of  oil  and  oil  products  annually. 

T h e v  are : 

a.  Lower  Mississippi,  from  mouth  of  Ohio  River  up  to  and  net 
including  3aton  Rouge  LA. 

b.  Upper  Mississippi,  Minneapolis  >01  to  mouth  of  Ohio  River, 

c.  Illinois  River,  from  Lockport  IL  to  mouth. 

d.  Ohio  River  System  as  follows 

-  Ohio  River,  from  Pittsburgh  PA  to  mouth  of  river. 

-  Cumberland  River,  mouth  to  mile  552. 

-  Tennessee  River,  mouth  to  Knoxville  TN . 

-  Allegheny  River,  Pittsburgh  PA  to  above  East  Brady  FA. 


G-l 


.■sna 


.Vt'irrtT 


-  Monongahela  River,  Pittsburgh  PA  to  Fairmont  V.’V. 

-  Kanawha  River,  mouth  to  mile  90.57  (head  of  navigation). 


3,  SPILL  DATA 


The  spill  data  were  obtained  from  the  Pollution  Incident 
Reporting  System  (PIRS) ,  from  the  National  Response  Center  (NRC) 
files  and  from  the  Commercial  Vessel  Casualty  File,  (CVCF)  ,  all 
of  the  U.S.  Coast  Guard.  All  spills  of  oil  or  oil  products  of 
10.000  gallons  or  more  from  January  1974  through  December  1977 
contained  in  those  records  were  extracted  and  tabulated  (see 
Table  A-l.),  if  they  occurred  in  or  near  any  of  the  rivers  in  the 
study  region.  A  spill  was  judged  to  be  "near"  a  river  if  it 
occurred  within  2  miles  of  the  river  or  in  a  city  or  town  con¬ 
tiguous  to  the  river.  In  practice,  only  one  of  the  56  spills 
(\'RC  -109-77)  occurred  near  but  not  in  one  of  the  rivers. 

In  addition  to  the  56  recorded  spills  listed  as  within  the 
bounds  of  the  study,  there  were  found  to  be  four  others  that 
would  be  included  except  for  an  uncertainty  in  the  amount  spilled, 
and  twenty  others  that  would  be  included  except  for  some  uncer¬ 
tainty  in  their  exact  location.  These  are  listed  in  Table  A-2. 

The  four  spills  with  uncertain  quantity  of  oil  spilled 
originated  in  the  CVCF  computer  listing,  having  there  a  pollution 
indicator  of  1  (light  pollution).  For  the  reasons  outlined  in 
the  accompanying  memorandum,  these  were  considered  as  possible 
rather  than  confirmed  spills.  One  CVCF  spill  was  considered  a 
confirmed  spill,  and  included  in  the  total,  because  it  bore  a 
pollution  indicator  of  2  (medium  pollution) . 

The  twenty  spills  with  uncertain  location  originated  in  the 
PIRS  listings,  having  there  only  the  state  as  an  indication  of 
location.  All  of  these  spills  are  recorded  as  inland  in  a  non- 
navigable  tributary  to  navigable  water  or  in  an  inland  river, 
canal,  or  other  restricted  navigable  waterway.  All  twenty  were 
recorded  in  1974  or  1975. 
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TA3LE  A- 3. 

ANALYSIS 
3Y  RIVER 

of  s?:l 

SYSTEM 

.LS  OF  TAELE 
AND  SOURCE 

A  - 1 

River 

System 

Spill 

Source 

Lover 

MR 

Upper 

MR 

Illinois 

Ohio 

Total 

Vessel-Related 

5 

7 

3 

8 

23 

Marine  Facility 

0 

1 

0 

0 

1 

Onshore 

1 

0 

1 

10 

12 

1974 

1975 

1976 
197  7 


3 

0 

1 


0 

3 
1 

4 


2  5  7 

1  6  13 

13  5 

0  6  11 
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\  essel-r.  elate; 


Marine  Facilitv  Stills: 


■R5  source  codes  COC  through  OSS 

,  A 


■cug; 


ICS, 


and  SOS 

Onshore  Stills:  Ail  ether  FIRS  source  codes,  except  506  and 
402,  which  are  offshore  drilling  and  production  spills 

Table  A-3  also  breaks  down  spills  by  year  and  source  type. 


ti, 


:X?CSURE  DATA 


The  expo sur e  variable  employed  is  millions  of  tons  of  oil 
movement  on  the  selected  rivers  as  recorded  for  1974  through 
1977  by  the  Army  Corps  of  Engineers  (ACOE) ,  "Waterborne  Commerce 
of  the  United  States."  The  data  are  given  in  Table  A-i,  which 
has  been  extracted  from  Part  2  of  the  ACOE  volumes.  The  total 
movement  of  light,  heavy  and  crude  for  the  four  river  systems 
in  1974  through  1977  are: 

Lower  Mississippi .  102,005,000  tons 

Upper  Mississippi .  90, 05", 000 

Illinois . 25,  S2P,  000 

Ohio .  122,459,000. 

It  should  be  noted  that  these  totals  include  through  oil 
movement  as  well  as  landed  and  loaded  oil.  Thus,  oil  that  passes 
from,  say,  Baton  Rouge  through  the  Lower  Mississippi  and  Ohio. 
Rivers,  to  be  unloaded  on  the  Allegheny,  is  counted  three  times: 
once  for  its  passage  through  the  Lower  Mississippi,  once  for  its 
passage  through  the  Ohio,  and  cnee  for  its  receipt  on  the  Alle¬ 
gheny.  mis  multiple  counting  allows  tor  the  added  exposure  of 
through,  passage,  and  also  allows  the  necessary  breakdown  of  oil 
movement  bv  river  svstem. 
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TA3LE  A- 4.  OIL  MOVEMENT  IN  l9~4-"r  ON  SELECTED  WESTERN 
RIVERS,  THOUSANDS  C?  SHORT  TONS 


1°74  ’  19  75  1976  '  1977' 


v I  SSI  95 I FP  I 

RIVER  -  YOUTH 

OF  OH 

10  TO  BUT 

NOT 

including  BATON  rouge 

3176 

434A 

4777 

3668 

L  I  GMT 

I  1  75  8 

1125  = 

13814 

13677 

H£aVv 

_  95  81  .. 

8103 

3074 

9557 

_  .  MISSISSIPPI 

_R  I  V.ER  - _V I  NNFAPOL  I  S 

TO  YOUTH 

OF 

MISSOURI 

CRi  'OF 

256 

848 

752 

LIGHT 

6  =  72 

663  = 

675  1 

1003  3 

HEAVY 

4?50 

4447 

4436 

4314 

MISSISSIPPI 

RIVER.-  YOUTH 

OF  MISSOURI  TO 

YOUTH  OF  OHIO 

CRUDE 

414 

219 

860 

752 

L  I  GHT 

5029 

5269 

6C24 

5250 

h£avy 

4239 

4175 

412  = 

389  3 

TOTAL*  L'Ppp 

p  I  S  S I S  S  I  °  p  I 

®  TVER 

-  Y»  NNEAPI 

OL  IS 

TO  YOUTH  OF  OHIO 

C  =  '  .HE 

0 1 7 

475 

1706 

1504 

LIGHT  . 

1 16^0 

110?’ 

12775 

1  5?«3 

HEAVY 

9496 

662? 

8565 

8197 

ILLINOIS  RIVER,  LOCKPOPT 

IL  TO 

MOUTH 

CRtlDF 

65 

42 

175 

140 

light 

725  9. 

2924 

3069 

2879 

HEAVY 

3  A-4  3 

2973 

2578 

2  33  3 

OHIO  PIVER* 

YOUTH  TO  DITT 

S8URGH 

,  PA 

CRUDE 

644 

867 

883 

406 

L  I  GHT 

15780 

15774 

15  =  28 

1  5350 

HEAVY 

5729 

5391 

5?  57 

6303 

.ALLEGHENY  RIVc°*  P I TT«BUPGH  .  PA 

TO  ABOVE  1 

FAST 

5RADY,  PA 

CRUDE 

2 

on 

3 

00 

L  I  GHT 

■*28 

404 

230 

213 

HEAVY 

469 

421 

414 

451 

yCNQNGAHELA 

RIVER,  PITTS? 

U=GH  0 

A  TO  FAIRMONT 

,  WV 

CRuDF  ’  2  ”  f'A'  "  on  "  '  47" 

LIGHT  1=91  773  1742  16C6 

HE A VY  111'’  165°  623  668 


KANAWHA  RlVFR,  YOUTH  TO  HEAD_  OF  NAVIGATION  )VILE  90.37* 
cp.udf  ~  "1  *  no 


LIGHT  _  054  1075  1104  1040 


HEAVY 

CUMBERLAND  R 
CRi  toe 

LIGHT 

24 

IVEP,  YQJJTH 
00 

121 

46 

TO  MILE  552 
3 

=  67 

24 

0  0 

1267 

30 

00 

1049 

HEAVY 

TENf-  ESSEE  R  I 

252 

VFP,  YOUTH  T 

271 

0  KNOXVILLE 

27  1 
,  TN 

4  A  0 

CRi  'Dc 

1 

1 

3 

12 

L  I  GHT 

1214 

1676 

2057 

1911 

HEAVY 

TOTAL,  OHIO 

861 

RIVER  SYSTFM 

1119 

118° 

157  5 

CR"DF 

650 

9.71 

GOO 

V.  V' 

465 

LIGHT 

20594 

2n66  = 

2  2  3  2  6 

2115  = 

heavy 

8444 

cco7 

7763 

‘9695 
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SPILL  RATES 


r* 

D  . 

Spills  per  million  tons  are  calculated  in  Table  A-S  for 
vessel -related  spills  and  other  spills.  Cne  observes  a  high 
spill  rate  for  the  Illinois  River  System,  both  for  vessel-related 
spills  and  for  non-vessel-related  spills.  Also,  the  Ohio  River 
System  shows  a  high  rate  for  non-vessel-related  spills.  The 
significance  of  these  rates  is  difficult  to  judge  without  tests, 
because  of  the  relatively  few  number  of  spills  involved.  Also, 
the  existence  of  24  additional  spills,  that  may  or  may  net  be 
assignable  to  the  various  river  systems,  adds  further  to  the 
uncertainty  of  the  calculated  spill  rates. 

Significance  Tests 

Table  A-6  shows  the  results  of  significance  testing  on  the 
spill  data  of  Table  A- 5. 

The  tests  of  Appendix  F  with  normal  approximation  were 
employed  for  vessel-related  spills.  They  show  no  significant 
deviation  of  the  observed  number  of  spills  from  the  expected 
number,  as  seen  by  the  relatively  high  probabilities  in  the  last 
column . 

A  different  significance  test  was  applied  to  non-vessel- 
related  spills  because  of  the  small  number  of  spills  (13)  involved 
in  total.  The  test  employed  is  described  in  section  5.5  of  the 
accompanying  final  report  in  connection  with  Table  5.6.  The  re¬ 
sults,  given  in  the  last  column  of  Table  A-6,  show  that  only  the 
Ohio  River  System  has  significant  deviation  from  the  expected 
number  of  spills,  having  an  observation  probability  of 
.02. 


Possible  Stills 


Sefore  the  deviation  shown  fo 
assessed  fully,  it  is  necessary  to 
of  the  24  possibly  relevant  spills 


r  the  Ohio  River  System  can 
take  account ,  if  possible, 
of  Table  A-2.  Of  these,  4 


are  vessel -related  and  20  are  not. 
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SPILLS  PER 
MILLION  TON 


'ABLE  A- 


OIL  SPILL 
WESTERN  R 


RATES  Or  SELECTED 
:VERS,  1974-  77 


SPILLS  I N  MILLIONS  0? 

1974-77  TONS,  1974-77 

VESSEL -RELATED  SPILLS 


Lo\ver  Mississippi 

5 

102.0 

.049 

Upper  Mississippi 

7 

90.1 

.078 

Illinois 

5 

23.  S 

.126 

Ohio 

_8 

122.5 

.065 

Total 

23 

3  3  S  .  4 

.  06S 

VESSEL -RELATED  SPILLS 

Lower  Mississippi 

1 

102.0 

.  010 

Upper  Mississippi 

1 

90.1 

.011 

Illinois 

1 

25. S 

.042 

Ohio 

10 

122.3 

.  OS  2 

Total 

13 

338.4 

.038 
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* 1  f 


L 


►  - "  s. 


: I G.\* I F I CAXCE  TESTS  OF  SPILLS 

.  :a..  .\h  r - 


_  .s  I 


nrvb 


19 

74-19"" 

Cb  s  e  rved 
Stills  ( - ) 

Expected 
Stills  ^-) 

Expected 

Variance^ ) 

Prcbabiiii 
Observed  : 

EL-RE 

LATED  SPILLS 

Lower 

MR  5 

6.9 

4 . 84 

.  3  8 

Upper 

MR  7 

6.1 

4.49 

.67 

1 11  in 

o  i  s  5 

1.6 

1 .  30 

.  2  3 

Ohio 

S 

S  .  3 

3  .  31 

.  90 

To  tal 

^  - 
> 

23.0 

YESSE 

L-RELATED  SPILLS 

(5) 

(6) 

Lower 

MR  1 

3.9 

3.9 

.20 

Upper 

MR  1 

5.5 

3  .  5 

.  2S 

1 11  in 

ois  1 

0.9 

0  .  9 

.  99 

Ohio 

_  10 

a.  ,  / 

1  “ 

■  02 

Total 

13 

15.0 

— 

— 

Taken  from  Table  A- 

5  . 

Based  on  a  uniform 
river  system  shown 

spill  rate, 
in  Table  A- 

and  oil  mov 
5  . 

enent  for  < 

(5)  Calculated  by  method  of  Appendix  F. 


(-)  Calculated  by  method  of  Appendix  F,  employing  the  normal 
approximation . 


(5)  Expected  variance  based  on  Poisson  Distribution  with  mean 
of  expected  spills,  column  2. 


(6)  Probability  of  any  observation  differing  from  the  mean  by  an 
amount  equal  to  or  greater  than  the  observation  of  column  1. 
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For  most  of  these  24  spills,  the  possible  river  assignment 
is  unique;  for  the  remainder  there  are  either  2  or  3  rivers  to 
which  an  assignment  may  be  made.  A  breakdown  of  possible  spill 
assignments  is  given  in  Table  A-7.  It  can  be  seen  that  the  num¬ 
ber  of  non -ves s el -related  spills  that  may  be  added  to  any  cf  the 
four  river  systems  exceeds  the  number  of  such  spills  actually 
known  to  have  occurred  in  the  river  system.  To  determine  whether 
the  ten  spills  actually  known  to  have  occurred  in  the  Ohio  system 
is  still  significantly  high  when  the  effect  cf  unassigned  spills 
is  allowed  for,  one  may  make  an  assignment  of  non -vessel-related 
spills  from  Table  A-7  according  to  some  assumed  rules.  For 
present  purposes  the  rules  adopted  are,  for  each  river  system: 

1.  One  half  of  non -vessel-related  spills  of  type  1.  in 
Table  A-7  are  assigned. 

2.  One-fourth  of  non-vessel-related  spills  of  type  2.  in 
Table  A-7  are  assigned. 

3.  One-sixth  of  non -vessel -related  spills  of  type  3.  ir. 

Table  A-7  are  assigned. 

V.'ith  the  above  rules,  the  number  of  observed  spills  is 
increased  by  assigned  spills,  as  shown  in  Table  A-S.  The  result 
of  the  significance  tests,  performed  as  before  on  non-vessel- 
related  spills,  is  also  shown  in  that  table. 

It  is  seen  that  the  Ohio  River  System  still  shows  signifi¬ 
cantly  more  spills  than  expected,  but  the  significance  level  is 
95v  instead  of  98*.  This  level  of  significance  indicates  that 
the  Ohio  River  area  probably  has  mere  non -vessel-related  spills 
than  normal  even  when  the  likely  effects  of  possible  other  spills 
in  the  area  are  allowed  for.  It  is  apparent  then,  that  the  24 
spills  possibly  assignable  to  the  river  systems  should  be  investi¬ 
gated  individually  in  order  to  resolve  with  greater  certainty 
the  apparently  high  rate  of  non  vessel- related  spills  in  the 
Ohio  River  System.  If  the  high  spill  rate  is  confirmed  then  a 
further  investigation  is  required  to  determine  its  causes. 


POSSIBLE  SPILL  ASSIGNMENTS  TO  ONE 
OR  MORE  OF  THE  FOUR  Y.'E STERN  RIVER 
SYSTEMS 


Number  of  Spills 

River 

Sys tern  (-) 

that  could  have 
occurred 

LM 

UM 

IL 

OH 

Total 

1.  In  one  of  the 

River  Systems 

9* 

2 

0 

5 

2.  In  one  cf  two 

River  Systems 

6 

1 

0 

5 

5.  In  one  of  three 
River  Systems 

0 

1 

2 

7 

Maximum  Number  of 
spills  that  could 
have  -occurred  in 
the  River  System 

IS* 

5 

2 

12 

Includes  four  vessel-related  spills, 
vessel-related. 


All  01 


suiiis  are  not 


(1)  Lcv:er  Mississippi,  Upper  Mississippi,  Illinois,  Ohio. 


G-17 


.E  A-S. 


V.'OR'T  CASE  ANALYSIS  OF  OHIO  RIVER 
NON-VESSEL-RELATED  SPILLS 


Observed 

plus 

Assigned 

Spills 

Expected 

Spills 

Expected 

Variance 

Probability 

of 

Observed 
§  Assigned 

NON  VESSEL -RELATED  SPILLS 

Lover  Mississippi 

4.8 

6 . 8 

6 .  S 

.57 

Upper  Mississippi 

2.6 

6.1 

6.1 

.  30 

Illinois 

1.3 

1.6 

1.6 

.99 

Ohio 

14.1 

SJ. 

6.3 

.05 

22  .  8 

28. 

... 

— 
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RESULTS 


c 

VJ  I 


The  results  of  this  study  are  based  on  a  total  of  56  spills 
over  10,000  gallons  recorded  in  FIRS,  NRC  and  YCF  in  the  selected 
Western  Rivers,  fron  1974  through  1977.  In  addition  some  24 
other  spills  are  recorded  that  may  have  occurred  in  or  near  one 
of  the  selected  rivers.  The  major  results  are: 

a.  The  number  of  vessel -relat ed  spills  per  million  tons  of 
oil  movement  shows  no  significant  deviation  from  one 
river  system  to  another. 

b.  Vessel-related  spills  per  million  tons  of  oil  movement 
in  the  Western  Rivers  are  about  equal  to  total  spills 
per  million  ton  of  oil  movement  in  the  four  coastal 
regions  investigated  in  the  final  report. 

c.  Non  vessel -related  spills  per  million  tons  of  oil  moved 
have  no  significant  deviations  among  the  selected 
Western  Rivers,  except  for  the  Ohio  River  System. 

d.  The  non  vessel -related  spill  rate  in  the  Ohio  River  system 
appears  to  be  about  twice  the  rate  in  other  parts  of 

the  Western  Rivers.  The  significance  level  is  9 S % ,  but 
this  significance  level  can  be  strongly  affected  by 
the  24  additional  spills  that  may  fall  into  the  Western 
Rivers.  (A  trial  assignment  reduced  the  significance 
level  to  95rO  •  The  exact  location  of  these  additional 
spills  must  be  ascertained  before  a  definite  significance 
level  can  be  estimated  for  the  non-vessel-relatec  spills 
in  the  Ohio  River  System. 
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